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PREFAOJ^. 


> IlifE following L(;otiires were doliverefl as the “ Lane 
^ Leotnros ’’ at. the Cooper MiMlleal Collegi' in San Fran- 
cisco in the autvinui of the. past ye-ar. I have hcae* aial there 
expanded sornci parts, ljut othei wise the Lei:tnn^s now appear 
very tnuch as i delivered them. I do not |»retend to have 
given a complete lustory of |:>hysioh>gy evcai within the period 
to which I havt' limited mysctlf. 1 have cho.sen certain themes 
which S(H*med to mo important and sti'iking, ainl I have st,!*iven 
to (lovelo])e these, leaving untold a great deal which might 
be told (concerning otlnn- them(‘S. I have woven into the? 
story of ideas, the stoi-ies of tin? personal liv(.‘s of the men 
who gave birth to those id(‘as, partly in ord(*i- to add to the 
liuman int(?r(5st of the talc*, but also and more so Ixccause, 

in most e-ases at least, the frnitfalness of tin? labours oi‘ an 
impiirer is largely (h‘j)Lmderit on rlu? iu({uii(‘r’s chara(tti‘r and 
bedongings. 

1 Vijiy much fea,r t.hat i liave allowed many mistakes in 
what I have wi*itteji t<j go unnoticed and uncorre(*t(‘d. I may 
plead in excusi? that liist.orical research, pcji haps above all other 
kinds of research, demands ain{)le leisure, and t he time? which 
J have? been able to give to the jiresent little work has b(ien 
snatched from a life broken ink) bits by many and varied 
duties. I shall bo V(?ry tliardvful to have? my mistakes 
pointed ont. 

M. FOS'rER. 


Cambiiidgk, 

March 8 , 1901 . 
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LEOTUJiE 1. 


YESALiUS: HT8 F0RE111;:N N AN D KOLLOWERS. 

I MAKt: no Jjpnlogy t*or Iiiiving chosen ns t.he subject of the 
coiirs(‘ of Lectures \vliicl\ you hnvc honourt'd me by inviting me 
t«> (]eliv(‘r, ' Thti-11 istory of l*liysiologv.’ We nre, all of ns, even 
in this farthest West, evovu in this closing y<‘nrof the uiiioteenth 
century, Children of oiii* FntluTs. What we are is in ]};n’t only 
oi’<nir own making, t1i(‘ greaba- ])a!*t of (>urselv<\s has comi* down 
to us from tlu‘ past. WHiat we know and what wa* think is not 
a Jiew' fountain gushing fj'esh fi-om the bai-nm. rock of tln^ 
unknown at the stroke* of the rod of oui* own intelhad., it is a 
stream wliich Hows by ns and through us, jed by the far-off 
rivulets of long ago. As wdiat we tliink and say to-day will 
mingle with and shajn* the thonghls of m(‘n in the years to 
<‘ome, so in the opinions and views w-hich we are. })rond to hold 
to-day, wo niay, by looking back, trace t-lu* iiiHuenco of thr« 
thoughts of lljose who have* gone before. Tracking out how 
new thoughts are linkeil to old ones, seeing how' an (U’ror 
cast ijito the sii(‘a.m of knowl('dgo ]ea\'(*s a streak lastn)g 
thn^ugh many change's of the ways of man, noting the sti*ugg!es 
through which a i riitli now rising to the snrfa(!(*., now seimiingly 
lost in the <lepths, eventually swims trinniphant on the Hood 
W(> may |i(*rhaps the l)etter learn t(» ajipraist* oni* present 
knowledge, and the mon.> rightly Judge which of the thoughts 
of to-day is on the dirf^jt lim* of progress, (*arrying the* truth of 
yesterday on to that of to-morrow, and which is a f)ier<? fi-agmont 
of the hour, floating conspicuous on the .suifacc* now but 
<lestiiu‘d soon to sink, and later to bo wholly forgot. 


F, J. 
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Nor need I, 1 trust, make any apology foi* having, though 
invilod to speak to medical hearers, chosen not the his1;ory of 
nuMlicine hut the history of physiology. The whole story of 
the rise and growth of the art of healing is too vast to be 
gathered into one set tjf le(.*tiires, too varied to be treated of by 
one man alone. I hav<^ elKiSfU) that part of t.he wliole story 
with which alone 1 am competent to deal; and 1 venture to_ 
tliiuk that, without ap[)earing to exalt uuduly my own {-studies, 

I may go so far as to say that- a knowledge of the laws which 
govern the plienonnuia oP all living things is so essentially the 
basis 0 ^x 11 atlempts to suceoin*, or to watch over tlie welParo of, 
one set of Ixdngs that the history of physiology cannot be 
regai’ded in any other light than as tlie heai't or kernel of the 
history of medicija‘. • 

1 do not propose to begin at tlie beginning of things. 1 will 
Iea\o on one sid(\ for tlie {)r(‘s<uit at' least, the details of the 
knowledge of the phenoimma of life possessed by tliose whom 
we speak of as ‘the ancients.’ 1 will ask you to let me start 
with tlK‘ middle of tlie si\t«‘(Mith centurv, and indeed with the 
partieidar year lo to. 

Those* were* stirring times, times of wars and rumoui's of 
wars. The brilliant cai-eor of Charles W was drawing towards 
its clo.s(i ; in tliat very year he was in the midst of his fourth, 
his last and sliort war witli his rival Francis i. of FiaTice. 

\ eniee liad still all the signs of outward splendour, hub within 
tile rift in the lute was rapidly widening. The* Medici wia'o 
once more established at bdojenee, and tla* burly Henry VIII. 
was ruling over England. Some twenty y(%ars before Cortez 
had eonquei'od iVr(‘\ico, some t(ai years befoie Pizarro had laid 
hold first of Peru and then of Chili ; and Euro|)e in the East 
was (>nJoyiiig the spoils of the We.st. 

^Fhe times were tinies of strong under-eiirrents of thought. 
The Reformation was abroad. Luther was living his last years — 
ht^ died in lo4G, the y(‘ar after the C^)uneil of Trent — and 
Calvin was strong at (Jleneva : but thci order of the Jesuits was 
already a year old, and the Iiujuisition held Spain in its grip. 

It was the heyday of Art. I'Inmgh Raphael had boon dead for 
three anrl twenty years, Michael Angelo had nearly as many 
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yul to live, and Titian was in his prime. The new learning 
was ev^orywhere working like leaven; the old Universities were 
ex[)andiTig and nmv ones were springing up everywlnwe, the 
M'orth of the (..}reek tongue was preached by the learned ; and 
the great exponent of the oldest of sciences, that of the heavens, 
Nicolas Copcuiiicus, closed his eyes in this very year. Moreover 
leaining was being spread as well as niad(‘ ; printing ha<l seen 
its hiKidrcdth birthday and tln^ presses of Venice and other 
cities were pouring forth tln^ means of knowledge. Tin*, night 
of the middle ages had passed away in the dawn of modei'n 
times. H 

In this year i54.S the printing-press of d. Oporiiuis (or lierbst) 
in Basel gave to the world in a folio volume Wxq Fiilyfica Hioiuini 
Gop'poris, tlie Structure of the Unman Body, by Andreas 
A^esalius. Tins marked an epoch in the history of Anatomy, 
and so of Physiology and of Medicine. Who was Andreas 
Vesalius, and why did his book mark an c‘poch ? 

Let me Iwiidly answer the latt(‘r <jne.stion first. In the 
times of tin* (Iretdvs mankind had made a iaii* start in the 
(piest of natural knowledge, both of things not alive and of 
things living; the sea]*ch had be(*n carried on into tlie second 
century of the Christian Bra when Calen t'xpoiinded the 
structure anrl the use of the ])arts of the body of man. As 
Galen pas.s(‘.d away iiupiiry, that is U) say impiiry into natural 
knowledge, stood still. For a ihou.sand ytrars oi' more the, groat 
Cdinstian tdiui'ch w^as fulfilling its high mission by the aid of 
authority : but autlKuity, as wa'th the grow’th of tlu*. Church it 
became niort* and more potent as an instruni<*nt of good, 
bticamo at the same time more and more potent as a stiwiliser 
of original research in natural knowh-dge. 

The Church lK‘ld the gates of loanring, and they who entered 
w’ere hi<lden to tread lua* path and hers alone. Her methods 
hocaine the im^thods of all scholars. Under her guidance the 
vvritt(U\ woi<l took the place of the made world; the pursuit of 
trrith ceased to be the looking into the phenomena uf nature and 
the seeking for the i-eason why; it iiarrowajd itself to asking 
what the teachers taught. The metliod which had proveiJ 
triumphant in the search after things spiritual was taken to 
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be the method in all inquiry, anci biologic inquiry was no 
exception. As spiritual truths were learned by the strudy of 
the revealed word, so analornical and medi(*.al triit|is were to be 
sought for, not by looking directly into the body of man, not by 
observing and thinking over the phemomona of disease, but by 
studying what had been i*ev(‘aKHl in the writings of Hipjxx'rate.s 
and Galen. As the Holy Scriptures were the Bible for all 
men, so the works of the Gret'k and I^atin writ<‘.rs Ixjeanie 
the bible for the anatomist and the doctor. Truth and science 
came to mean simply that which was written, and inquiry 
becauie mere interpietation. 

The 'now birth’ of tbe 15th and IGth centuries was in 
i‘ssence a revolt against authority as the guide in knowledge ; 
and the Avork of Andreas Yc'salius of whieli I am speaking 
marks an epoch, since by it t;h(> idol of authority in anatomical 
science was shattered to pieces never to be ])ut togi'ther again. 
A'osalins descrilAcd the stnictiiro of the human body such as ht‘ 
found it to be by actual examination, by appealing in dissection, 
by looking at things as th(?y ar<\ He dared not only to shew 
how often Galen was Avrong, but to insist that Avhen Galen Avas 
right he was to he followed, not because he had said it, but 
l)ecaus(‘ Avhat he said was in ac<‘.ordance Avith Avhat anyone wlm 
took the pains to iiujuini ecadd assure himself to be the real 
state of things. 

Vi'salius like other great men had his foreruniuTs. Long 
before him at the clos<* of the l‘lth and beginning of the 
14th century Mundinus, Mondiiio (Raimondo de/ Luz/i), one 
of the teachers of the early days of the them groat University 
of Bologna, had dared to turn his eyes from the p;)ge.s of 
Galen to th;it of nature, and to learn for hin^sclf by ac^tual 
<lissection how the body of man Avas built up. He learnt luiough 
to write a book of his own, the Anatonda MutuUuL Avhich 
after him became a text-book in the schools, though used 
perhaY)s more as an introduction or help to Galen than in any^^ 
other Avay. But Mundinus did not go far. He like other 
anatomists, like indeed Vesalius himself, had to struggle against 
not only the authority but the direct hand of the Church. 
She taught the sacredness of the human corpse, and was ready 
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to punish as a sacrileoc the use of the anatomist s scalpel ; 
and what Muudiiuis ditl was done in tlie face of her powerful 
opposition. ,For tliis Reason apparently Mundinus had no 
disciples carrying on his work ; all that remained of him was 
his l)(*^)k, and he became little more than a smaller and a 
lat(T (hilen. 

Two centuries later, at tln^ very beginning of the Kith 
centuty, the power of the Church in its sti-uggh: agfiinst the 
new light was lessening, and Jacobus Berengaiius, often called 
Carpi, fi'om tlio place of his birth, a town in the state of 
Modena, fol]()\V(Hl in Mundinus’ steps with greatei’ etfect. He 
asserts that he diss(x*ted no less than a hundred corpses, and 
his teaching was undoubtedly to a large extent based on his 
owfi direct observations. 

He too how(wer had his struggles with the Church ; lie 
was driven to desert ijologna where he had long taught, and 
to live in n.^tirtunent if not in exile at l<"(in'ara. Nor did lie 
succeed in wholly reforming anatomical stjieiiee, or in placing 
anatomical inquiry on its only sound basis. For when he had 
[)assed away the position of Master in Anatomical Science was 
taken by a man of a diH'erent stamp, by Jae<|nes ])u Bois, 
Jacobus Sylvius, a native of Amiens, who in 1 531 bv'gan to teach 
anatomy at Paris, and in 1550 succeeded V^idus \ddius in the 
Chair of Medicine at the* recently establi8h(*d Colh*ge of France. 

Sylvius, tliougli in spite of his own attitude, lie ad<led to 
our knowledge of anatomy (we daily in the present time name 
him when we speak of the fissure of Syh ius), was an un- 
conipromi.siug Calenist. He trusted (Jaloii more than he did 
his own eyes, and in everything tauglit or rather preached 
(lalf^n. Instruction in anatomy was to him reading a chajiter 
of Oulen, and though he did make use of dissections, these 
were used as mere concrete illustrations to render easy Ijie 
comprehension of what h(* was teaching, not as tests by which 
the truth of wha^ he was .stating might be tried. 

Sylvius, as wc shall see, was Vesalius mastc*r, as indeed the 
master of most anatomists of the age. His influence was at 
the time of whitrh we are speaking [uedominant ; with his helj) 
the past efforts of Mundinus and <tf Carpi were brushed aside, 
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aud (Jalen and authority reigned .supremo in anatomical 
teaching and thought.. Ho was however the last of his school ; 
his teaching was swept away hy thi^ new learning, embodied in 
the Fabrica Hnnund (^yrpoi’is of Andreas V(‘salius. 

Who then was this Andreas Ve.salius ? 

He was born at IJrnssels at midnight as i he last day of 1514 
was pa.ssing into the first of 1515. His family, which had dwelt- 
for several gmierations at Nymwegen and whicli originairy bnn? 
the naiiui of Witing, had produced many doclojs and learned 
men, and his fathei* was apothecary to (Jharles V. His mother, 
tc» judge by Ihm’ maidtai name, Isabe lla Crabbe, was |>]‘»)bably of 
Kngl i sh e \ la*a c t i o n . 

The yomig W^saliiis (oi- Wosalius, fa* so it was sometimes 
.spelt) was sent to .school at Louvain and .‘dierwards cntiaV'd 
the IJnivca'sity there, which then as later was of great rcaiown. 
Though he diligently pursued tin' ordinaj'V classical and 
rhetorical studies of the place, tlie bent of his mind early 
shewed itself; while yet a boy ln‘ br'gan to dissect such 
animals as he could lay his hands on. Such a boj^ could 
not do otherwise than study medicine, and in I r>3.*b a lad 
of sciventoen or eighteen, he went to Paiis to sit at tlie feet of 
Sylvius, then rising into tame. 

The ardent young flelgian was however no dn(Ml(‘ heairr, 
receiving open nnaithecl whatever fell fn.»JM the mastc'i*. Sylvius’ 
teacihing ^vas as 1 h;ive said in the main tin* reading in |>ul)lic 
of f jalen. Fnan time to timii hovva.'ver the body of a dog oi* at 
rarer intervals the (-otiksc of some patient was brought into ilu' 
lecture room, and barbrn’ serv;ints dissecti'd in a rough, cJiimsy 
way and exposed to tin; view of the stnderO, the structures \vhich 
the learned docfoi*, who himself disdained such numial, loathsume 
woik, bid tlnan slunv. This did not satisfy Vesalius. At tlu* 
third dissection at which he was piesent he, already well versed 
in th(^ anatomy r>f the dog, irritated beyond control at the rude 
handling of the ignorant barbers, pushing them on one side^ 
completed the dissection in the way he knew it tmght to bo 
done. 

“My study of anatomy,” says he, “would never liave succ(X‘(led 
“ had I when workiiig' at medicine at Paris been willing that 
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“the viscera should be merely shewn to me ami t<» my fellow 
'‘students at enc or anofh(.‘r public disKsection by Avhoily un- 
“ skilled barljers, and that in the most sujxu'ticial way. 1 ha<l 
“ to put my own hand to the business." 

Besides listenirii^ to Sylvius, he Avas a ))upil of Johannes 
(iuinterius ((.Tiirither), a Swiss from Andernacli, Avho also was 
teaching anatomy and surgery at Paris at the time, and 
with Vhom his relations seem to have been eloscu* than with 
S\'lvins. 

NeithiT Sy Kills, however, nor ( Juinttaiiis, nor any one at 
the timi^ was abh^ to supply \'esalins with that fm* whieh he 
Avas obviously longijig, the op])ortunity of dissecting thoroughly 
the human body. (^miplete dissection Avas then well-nigh 
im^iossible, the most that could be gained was the hurried 
examination of soim* parts of thi^ burl}’ of a palieiil who had 
succumbed to disease*. One pari of the human body, the 
foundation of all otlna* [larts, tlitj skeleton, could liowa.'vcr be 
freely us(‘d for study. In thosi^ rud<^ times burial was rough 
and incomplete, and in the <*emetei-i(‘s bones lay scattei ed about 
nneovei'cd. In the buj*ial-grouud attaelud to the church of 
the Innocents at Paris Vosalius spent many hoiiis, studying 
the bones; and In* also tells ns boAv in another )>uria.bgroimd, 
on what is now vLes Buttes (.^haumout/ lu* and a fe'lloAv 
student nc*arly h'ft tlnar own bones, l)eing on one occasion 
attaiiked and in great risk of being de\ our(*d by savage, hungiy 
dogs Avho too hail come tlu*r(/ in search of bones. l>y smdi a 
rough, yjerilous study Vesalius laid the foundation of Ins great 
Avoi'k, a full and exact knowh'dge of th<^ human ska-lcton. He 
tolls us hoAv lu? and a fellow student were wont (o try tlujir 
kne^vledge by a test Avhich has been ofteai us('<l since, the 
recognition of tlu? indiviilual bones l)y toiicb alone, Avitb the 
eyes shut. 

Aftm- thi*ee years the wars rlrovi? him back from Paris to 
Louvain, Avhere )v- continued to pui'sue his anatomical studies 
Avith unflagging zeal. Here as at I’arLs he AA-as driven to use 
strange m(‘a.ns to gain the material for his studies. Walking 
one da}' with a friend in the outskirts of tlu? city and coming to 
the pubH(? gibbet, where “ to the great convenience of tlie 
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“studious, the bodies of those ooiidouuied to death were exposed 
“ to public view,’’ thc'y c«ime upon a corpse “ which had proved 
“ such a swe(‘t nioi'sel to the birds that they had most thoroughly 
“cleaned it, leaving only the bones and lignmeiits.” With his 
friend’s h(‘lp he clinibi'd up the gallows and attoin]>tod to carry 
oil* the skeleton, but in the huriy' of such a theft in open 
daylight he only succu^eded in getting part of it ; accordingh* 
that evening ht^ got himself sliul out of the cit-y gates, secured 
in the quic‘t of night th(‘ rest of tlie skehrton, and rciturnihg 
home by a roundabout way and re-entering tin? city by a 
different gate, safely carriiHl it in. 

In 15.S7, after a year’s stay at Louvain where, in the Kcbrnary 
of that year, he put forth his first juvenile effort, a translation 
of th(^ ninth book of Ilhaz(‘s, he migrated to Wuiice, the tailight- 
eiicd if despotic government of wliich was in all jiossible ways 
fostering tin* ai*ts and scuaiees, and stiiving to dovelopi* in 
the dependent eity of Padua a ITnivcasity which should 
worthily push on the new learning. It may he woitli while 
to note*, as an instance of how in the web of man's Instory 
threads of unlike kind are made to cross, that among the monks 
who had chaige of the Hospital at Venice, at which Vosalius 
pursiu^l his im'dical studies, was om^ who hore the nanu^ of 
Ignatius Loyola. Wti may well imagine^ that these two young 
men crossed each other’s path in the hospital wai'ds or grounds, 
perhaps eveii conversed >vith one aiiothei'. One was gatheiing in 
a rich harv<‘st (d* exact knowledge wliich six years later ho was 
to embody and give to the world in a great book, the lieginning 
of niodi'i’ii bioli»gic science. The other was busy with a scheme 
for the spiritual wedfare ol' maiikiud which six years later took 
shape as the Order of the Jesuits. Th<; one with Iris eyes ftxed 
ou man’s body brought forth a work, the fi uits of which have 
profoundly influenced and are still profoundly influencing men’s 
minds. The other, with his eyes fixed oidy on trutli and 
goodness, began that wliich after him becanre the incarnation 
of Authority, an engine powerful it is true for good, but often 
used for the support of lies and for the maintenance of evil. 
No two things liave fought and are fighting each other more 
bitterly than the things which have sprung from the two 
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works or the two young iiuMi wiio crossed each others path at 
A^enice'in tlie year of our Loi d 

The brilliipit talents of tin? young hn^lgiaii at oikm* attracte<l 
the notice of the tar-sighted i*ulers of Venice. Ho was in 
Decejuber of that .same year, lodT, made Doctor of Medicine in 
their I'niversity of Padua, w'a.s immediately •nitrusted with the 
duty of conducting public dissections, and either then or vo?*y 
shortly afterwards, thougli lie was but a lad of souk* one (*r Iwo 
and twenty summers, was placed in a chair of Surgery with care 
of Anatomy. 

Hf‘ at once began to toacli anatomy in liis own new w’ay. 
Not to unskilled ignorant barbel's would he entrust the task of 
laying liaiv before the students the secrets of the human fiame; 
his^ow'n hand, and his own liand alone, w^as cunning enough to 
track out the pattern of .structures which day by day Aven? 
becoming mon? and more clear to him. li'ollowing venerated 
customs he began his uca<lemic laliours hy ‘ reailing’ (Jakai, as 
others had done before him, using his dissection.s to illustrate 
wiiat Galen ha<l said. But time after time tlu‘ body «)n tin* 
table said jdaiiily .sonu'thing diflerent ivo\\\ that which (!alcn 
had written. 

He tried to do Avhat others had done Ixd'ore liim, he truid to 
bc‘lieve (daleii !*ather than his own eyes, ])nt Ids (yt'S were too 
sti'ong for liim ; and in the end he cast Ualeu and his writings 
to the winds and taught only Avhat ho hims(‘lf liad seiai and 
wdiat lie could make his students see too. 

Tlius li(‘ brought into anatomy tlie new spirit of tlie time, 
and t he men of tlu? time, the young nuai of the time ans\ven‘d 
to the new voice. Students flocked to his lectures, Ids licarers 
anKn.inted it is said to some five hundi\-d, and an enlightened 
Siuiate i*ecogid/.cd his worth by repeattMlly raising his emolu- 
ments. 

Such a mode of teaching laid a strain on the getting of the 
material for ti‘acl)ing. Vesalius was unwearied in his .search 
for subjects to dis.sect. He begged all the doctors to alloAv liim 
to examine the bodie.s of their fatal east's. He ingratiated 
himself with the judges, so that when a criminal was con- 
deinned to death they gave directions that the senteiu'c should 
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be curried out at sucli a. time, niul the execution should be 
conducted now in tliis ma»)nor, now in that as might best moot 
the needs of A\\salius' publit* dissections. Noi* <jid he slii'ink 
apparently iVt»ui rol)bing the grave, for he relates how, learning 
of th(' tleath and hurried burial of (he concubine of a monk, he 
got ])oss»‘Ssion of th«‘ hotly, ami proceeded at onee to i*tanovi‘ the 
wliole of the skin in order that tlu* p<‘cca]jt lioly man, wh<^ laid 
got wind of the matter, might lu* unable to recognize Iris lost 
love. And he made di.ssections in Bologna as well as Padua.* 

Far away fj-om th<‘ j^^apal thron(^ in distajit Spain, tht' 
Chureh was all poweriiil, and thc'n* desectration of the (-(H'pse 
witl) the kniie was well-nigh impo.ssible. Ji» Bidgium too and 
in France o])|)(irtunities fbr <lisstH*tion were rare. But hero, in 
Venice, ncaica* t he ])a|)al si^at, l heiM)urch’s hand was hiss lieifvy. 
Tile high-spiiit(‘d citizens of the Republic w(?n‘ resisting as we 
know in many ways the Pope's (hanands; and under (he 
protection the S(aiat(‘, \'esalius had opportunities for the 
advance «.»f knowledge wliich he et>u]d not have. (ai joyed else- 
whej-e. 

Five y(‘ars he thus s|»eut in untiling labours at Padmi. 
Five yeai's lu* wroiiglit, not weaving a web of fancied tbought, 
but paliently disentangling the pattcu’ii of th(‘ texture of tiu^ 
human body, trusting to the wonls of no master, admitting 
noihiiig but that which he himself luul seen ; an<l at. tiie end of 
the Hvo yeai's, in I o wliih* hr' was as y(‘t not 2S years of age, 
he was abl<‘ 0# writ<- the dodicaliciii to ( diaries V. of a folio 
w<u*k, entitled the ‘Structure of tin* Human Bo<ly,’ ad<aTie<l 
wiili many plat<\s and woodcuts, wdiich appeared at J^asel in the 
following year, I oTo. He Iiad in 15*>S pidjlished, under the 
sanction of tlie Senate of Veiiicu*, Anatomical I'ablos, and in 
the same or succe(‘ding yi‘ar had brought hn'th an edit, ion of 
(niinterius, a rreatise on bloo<l-letting, and an edition of ( Ja.len. 
There i.s a legend tliat the |)ictures in the great w<)i‘k were by 
the liand of T'itian, but lluTe .sr.‘(nn.s no dont>t that they, like 
the Tables, w^rc done by one John Stephen Calcar, a coimtry- 
man of Vesalius. 

Jdiis book i.^ tlu' beginning not only t>f modern anatomy 
blit ot MKxlern |>liysIo)ogy. 
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Wc cannot it is trne point to any frreat physiological 
discovery as Vesalius’ ow)» special handiwork, but in a sensf? 
he was tlu! apthor of discov•el■ic^s which made after him. 

H(j set before himself a ^reat task, that of placing th(^ stmly of 
linnian .anatomy on a suurul basis, on the liasis of direct, patient, 
exact observation. And he acitomplislieil it. (ialeii had at- 
tempted the same thing before him ; but ilio times wert) not 
then rtpe for such a step. Autlmrity laid its Iieavy hand on 
iiujuiry, and (jfalim s t(‘aehing instead of bebig an ie\ample and 
an encoinageincnt for fin ther l osiviroli, was, as we liave said, made 
into a bibhv, and interpivtation was snb.stituted for investigation. 
Vesalius, inspired by th<^ spirit of tluj new learning, did bis work 
in such a way as to impress npion liis ag(‘ tlie value not only of 
thc^results at which lu.^ arrive<l, but alsti ami ('Voii mon^ so, of thi^ 
metbod ]>y which lie hail gaine.d them. Hi' taught in such a 
way that his discipl(‘8, evmi when tlTcy thought him greater 
than (kileii, never ma<l(‘ asc^xnid (laJen of him ; they recognized 
that they were most truly following liis ti'aelring as a wliole 
when the 3 f appoab'd to observation to sliew ibat in this or that 
jiarticular point his l:ea.(*hing was wrong. Aftiu’ him back- 
slifling became iinpossibl(‘ : from tlie dale of the issue of his 
work onwanl, anatomy ])ursm*d an unbroken, straigl it forward 
course, being made successively fuller and truer by the labour.s 
of those who eaine after. 

Vesalius’ great woi'k is a work of anatomy, not of physiology. 
Though to almost every itescription of structure thei’e are added 
observations on the use and funetions of the struetiires describi'd, 
and thongli at the end of the work th(‘re. is a short S]K‘cial 
chapter on what wt* now call experimental physiology, tlie book 
is m the main ;i book of anatonn , tJic physiology is ineidental, 
oc(?asional, and indec‘d halting. Noi* is tlie reason far to s('ek. 
Vesalius had a great and difficult task before him. He had 
to convince the world tliat the only true way to study the 
phenomena of th»' living ]>ody was, not to ask what Oalen had 
said, but to sec for one self with one's own eves how things 
really were. And not otilj^ was a sound and accurate know- 
ledge of the facts of stnu'tiirc? a necijssaty prelude to an\^ sound 
ci.mclusions concerning function, but also the former was the 
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only vantage giound fioni which to fight against error. 
When he asserted that such a structure was not as Galen had 
<lescrib(M;l it but dililerent, lie coulrl ajipeal to the, direct visible 
proof laid bare l>y the scalpel. Ev(ui then he found it 
diHicult to convince his heaivrs, so ready were men .still to 
trust ( Jalen rathtu* tluin their own eyos. Much harder was the 
task when, in <le;ding with function, lu* had to leave the solid 
ground of visilile fact, aud to have ri'coiirse to argumenlis and 
reasoning. Fl(‘ seems have said to himself, “ Here am I* a 
‘‘young man fighting against the world; it will be enough if I 
'' \u the first iMstaTie(,‘ simmih' a general accoptanc(^ of tlie trutlis 
“ of sli ucture. Wlaui 1 have done this, I may later on take up 
“the truths of fuiietion ; but for tlu* present I will not risk the 
'' furtluu- burden whicli tlie introduction of these morti debatcjfble 
“matters would entail, matters moreover about which I clearly 
“ See that if I go v(‘rv fiir f shall come into dangerous coufiict. 
“ witli the (..Miuroh, I wilt expose, witliout any shrinking, Galen’s 
‘Gvrong statements about structure : but, when I have to quote 
“his views about fuiietion, 1 will (Expound them without attack- 
“ ing them. I will content myself with letting drop hen* and 
‘ there a Iiint of my distrust and doul)t.” 

Lot iui‘ lier(‘ brietiy <l(‘scrib(‘ the main oullim‘S of the 
(bilenic physiology or rather of the (amtral parts of that 
physiology, the features and uses of tlu‘, heart and blood 
vessels. 

"riie parts of the h>od absorbed from tlu^ alimentary canal 
are carried l>y the [lortal vein to the liver, and by the infiuence 
of that PTeat oiefaii ai(‘ converted into blood, "fhe^ blood thus 

o o 

cnriclied by thi^ food is by the same great organ endued with 
the nutritive properties summed ii]> in the* phrase ‘ iiatnral 
spirits.' Bnt lilooii thus endowed with natural spirits is still 
crude blood, unfitted for tlie higher purposes of the blood in the 
body. C'arried from tin? liver by the veiui cava to the right side 
of the heart, some of it passes from tlie right ^veiitricle through 
inuumorabh^ invi.sible pores in the septum to the left ventricle. 
As th(‘ heart expands it draws from the lungs thi-ough the vein- 
like artery l or as we now call it pulmonar} vc‘in)air into tlie left 
ventricle. And in that Icd't cavity the blood which has come 
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through the septii))) is mixed with the fiir thus draAvii in, and 
by the ‘help of* that heat, which is innate in the heart, which 
was plactMl there as the source of the lieat of the bodj" by Ood 
in the b(?ginuirig of life, and wliich rcriiairis ther(:‘ until death, 
is imbued with further qualities, is laden with ‘ vital spirits,’ and 
so fitted for its higher duties. Th<i air thus drawn into the. left 
heart by the pulmonary vein, at the sanjo time tempers the 
innato heat of the heart and prevents it from becoming ex- 
cessive. 

Thus from the right side of the lu/art tluue is sent to th<; 
body generally along the great veins, and to the lungs along 
the* artery-like vein (tlie jailmonary arkuy), a How, followed by 
an ebb, of orude blood endued with natural sfiirits r»nly, blood 
serving the low(?r stages of nutrition. Blood flows through tlio 
artery-like vein (the pulmonary artery) to the lungs for the 
nourishment of the lungs, just as it flows through the other 
veins for the nourislnnent of the rest of Llie body ; in both 
(•ases there is an ebb as well as a flow along the same ehannel. 
From the left side, on the other hand, t]i(*ie takes place along 
the arteries to ail jiarts of the body a flow, foIlow(Ml also by 
an ebb, of blood endued with vital spirits, and so capable of 
giving power to the scvtwal tissues to ox(n‘c*ise their \'ital 
functions. As this bhxjd glasses from the left ln‘art along the 
vein-liko artery (pulmonaiy vehi) tn the lungs it carries with 
it the various fuligiuous va[H)urs which, in tlie fminenting 
activity giving rise to tin* vital spirits, have been (‘xlracted 
from the criule blood, and diseijarg(*s these vapours into the 
|>ul monary pa.ssages. 

Artei'ial blood, i,e. blood laden with vital spirits, roraching 
the, brain, there generates the animal spirits, which ])ure and 
nnmixed with blood, existing ajiart from blood, ni'e carried 
along the nerves to bring about movements and to carry on 
the higher functions of the body. 

This Galenic doctrine Vesalius was content to teach. In 
his great work of 154*1 he says, 

“dust as the right ventricle draws blood I'rom the eava so 
“ also the left ventricle draws into itself, each time the heart is 
“ dilated, air from the lungs through the vein-like artciy, and 
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“ ii8(‘.s it for tho cooling of Mie innnte heat, for the noni-islinient 
‘'of its snbstjiiuM* and foj- the prejiaration of the vital* spirits, 
“ (‘lahorating and refining this air so that it together with thc^ 
blood wliich soaks |)lentifiilly through the septum from the 
“right ventriele into the left may bo assigned to tlie great 
“ art(‘ry (rhe aorta) and so to the whoh^ body.” 

And again, 

“Tlie septuju of th<4 ventricK^s, com)»osed as I hav(^ sjjid 
“of the thickest substance of the lieart, abounds on both sides 
“ with little pits impressed in it. Of thc‘se pits, none, s«> Jar at 
“ least as can bt‘. perceived by llie senses, penetrate tlirough 
“ from llie right into the left ventricle, so that we arc driven to 
“ wmidm* at the handiwork of the Almiglity, by nu.'ans of which 
“ the blood sweats fiom the right into the lt‘ft ventricK' through 
“ passagr^s whieh (‘scape Inimau vision.”’ 

Even in this wldcli he vmitniv^l to jo int tlie san;asti(; note 
of s(*ei)tieisni midv(*s itself iieard ; but what ho 1 ’C‘a.lly thought 
})(‘ did not dan‘ to put forward. He tcdls us iu a later wi-iting 
that “he actirommodatcid his statemmits to the dogmas ofthdioi’' 
not because he thought that “these \\(nv in all (*a.ses consonant 
“ with truth but Ix'cause in such a new great work Ik* h(^sitat(‘d 
“io laydown his own opinkms, and did not dure* to swerve a 
“ nail’s bi eadth from tin* ductriiu^s of the Prince of Modic.ine.” 

'^I'hat physiological problems wen* before bis mind, that lie 
had thought over, and indeed had tried to solvi* them by 
experimental methods, is shewn in the lirief (‘haptta\ ‘ >So7ne 
l{(‘marks on the Vivisection of Animals/ which is the last 
(diaj)ter in his great work. Jii this he relates his (^vperinKmts 
on muscle and nerve, shewing that that whicli passes along a 
nerve* in order to bring about iiiovannent passies by the substancjc 
and not by the sheath of the nerves. He tells us that it is 
tliVough tin* spinal coi’d that the brain acts on the trunk and 
limbs, that an animal can live* after its spleen has btH'ai 
removed, that the lungs shrink Avhen the cSest is punctured, 
that the voicii is lost when the recurrent laryngeal nerve is (uit, 
that byartiKcial j ospiration an animal can be k(*pt alive though 
its chest is laid wholly bare, and that under tliese circumstances 
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a Ijijart wliicli lias almost stripped lioating’ may be revived by 
the tinV>ly use of the bellows; and lie tolls us many other 

thim^s. 

& * 

Obviously his vigorous and aetivt* young mind was starting 
many impiiricvs of a ]>ur(iy physiological kind, and he was 
awar(t that miuii of the pl^Vsiology wlniii lie had }>ut into his 
book would not stand the test of futiirt^ research. Ho kiu^w 
more particularly that the chapter in that book in which he 
treated of tlu^ ust' of the heart and its |)arts was as hi‘ says 
‘ full of paradoxes.’ Hut he was no less aNvai'e that liis bold 
attem|)t- to (e\’p<>und tlu* ])lain visible iaots of anattuny such as 
they ajipeared to one who had torn from his ey(*s the bandages 
of authority, was of itself enough to rais(‘ a storm of opposition ; 
ho fbaivil to Je<»pai*dize his success in that gri^at ei*foi*t by taking 
upon himself further burdens. 

Experience shewed that in this he was right. Even while 
lu^ was wiiting his book, timorous friraids urged him not to 
publish it; its appcairauce tlu^ysaid woid<l de.sti‘oy Ids prosjiects 
in life. And in one senst* it did. 'IVivvards the (uid of Io42 
after the eomiilelion of Ids gnsit task, altliough in August, 
of tliat year he had been reajjpointe.d to the (/hair of Suigery 
and Anatomy for tluvo years, he, with tlu^ san(‘tion of the 
Senat<s l(‘ft I^‘ulua. lor a whih.*, his pn^nl llealdus ( -olumbns 
being appointed his fh^puty. lb' made a sliort stay at Venice ; 
he visited Ba.S('l citlicj* once or twice, ehietly it would setnn to 
confer with his ])rinter.s; hut while in that city hi' prepared 
with his own hands fi’om the liody of an eveeuted C’riminal a 
complete skelciton which is still religiously pn-served there. He 
also probably maile a hurried journey to the Nethei*Iands, 
])uring his absence from Padua, after the appearance of his 
book the storm broke out. Thi' great- Sylvius and others 
thundered against him, reviling him in a free How of adjectives. 
Coming back to ]\idua, after about a years absence, he found 
opposition to his new views strong even there, not tlie least active 
among his opponents being his old pupil Columbus. He gave 
h'ctun^s at Padua, offering to test publicly in the dissecting 
theatre whcthi'r his statements were wrong or no. He lectured 
also at Bologna, and at Pisa, where the enlightened Cosimo de' 
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Medici <»f Fl«>roiK*e would willingly have detained him asprofewsor 
in the University whirli he was inirsing. Ihit such tokens of 
enconragemeiit and ot hers liki:» them weigh(*d before him little 
when compared with the bigoted opposition of so many of his 
brethren. The spirit shown by the latter entered like iron into 
his s«ml. If the work <ai which he had laboured so long and 
wliich he felt to be so full of promise met with such a reception, 
why should he eout imn^ to labour Why shouhh he# go on 
ousting his pearls before swine i He lia*l by him mannsoripts 
of various kinds, the (unbodiment of observations and thoughts 
not inclndtMi in the Fabrica. What they wei‘(‘ we can otdy 
guess; what the world lost in their loss we shall never know. 
In a tit of passion he burnt tlnun all, and tlu* Kmperor 
Charles offering him the,* post of (V>urt Physician, ln‘ shook 
from his iectin 1544 tin* dust of the city in whose University ho 
had done so much, and still a youth who had not yet attained 
the thirties ended a caicor of science so gloriously Vxjgun. 

Ended a career : fm* though in tlie years which followed he 
from time to tim<^ produced something, and in 1555 brought 
out a new (‘dition of his Fahrica, ditiei-ing chiefly from the Krst 
one, so far as the cii’culation of the blood is concerned, in its 
b(»lder enunciation of his donbts about the; Calcmic docfiines 
touching the heart, he made no further solid addition to the 
advancement of knowledge. Hcujceforward his life was that 
of a (Jourt Physician, mucdi sought after and much esteemed, 
a life lucrative and honouralde and in many ways useful, 
bi]t not, a life conducive to original inquiry and thought. 
Thcj change was a great and a strange one. At l^idiia he had 
lived aniid dissections; not content with the public dissections 
in thc' theatre, he took parts at least of corpses to his, own 
lodgings and continued his labours there. No wonder that he 
makes in his Fubrica some? biting remarks to the cilfect that he 
who espouses science must not mawy a wife, he cannot bo true 
to both. A year after his ariival at the (\)urt he sealed his 
divorce from science by marrying a wife; no more dissections 
at borne, no more* dissections indeed at all, at most some few 
post-mortem examinations of patients whose lives his skill 
had failed to save. Henceforward his days were to be spent in 
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courtly duties, in soothing tho temporary ailments, the repeated 
gouty itttacks of his imperial master, in healing the maladies of 
tho nobles and others round the tlirone, and doubtless in giving 
advice to more humble folk, who were from time to time allowed 
to seek his aid. Whither his master went, he went too, and we 
may well imagine that in leisure moments he luitertaiiied the 
Emperor and the Court with his intellectual talk, telling them 
some «itf the fairy tales of that realm of science which he had left, 
aiVi of the later achievenitmts of which news came to him, 
scautil}", fitfidl}' and from afar. 

When in 1550 Charles withdrew from the world and took 
refuge in tho cloister, Vesalius tran.sferred to the son Philip II. 
the services which he had paid to the fathei*, and in 1559 returned 
witli him to Spain. 

Spain, as it then was, could be no home for a man of 
science. 'rhe hand of tho Church was heavy ou the land ; 
the dagger of the Inquisition was stabbing at all mental life, 
and its torcrh was a sterilizing dame sweeping over all in- 
tellectual activity. The pursuit of natural knowledge had 
l>t‘Come a crime, and to sc?arch with tlu> scalpel into tho secrets 
of the body of man was accounted sacrilege. It was for a life 
in priest-ridden, ignorant, superstitions Madrid that Vesalius 
liad forsaken the freedom of tiie Venetian Riipublic and the 
bright academic circles of Padua; in Madrid, Avhoie as he himself 
})as vsaid, ‘'he could not lay his haiul on so much as a dried skull, 
'‘much less have the chance of making a dissection.” Moreover, 
he must havii felt the loss of Charles, who, whatever his faults, 
I’ecognizod the worth of intellectual effort.s, and in many ways 
had shewn his sym])athy with V^esalius* love of knowledge. 
Sucji sympatliy could not be looked for in tho narrow and 
l>igoted Philip. 

Wo cannot wonder that amid such surroundings the feelings 
that the past years had been years of a wasted life grew stiong 
upon him, and that wistful memories of the earlier happy times 
gathered head, lie was still in the prime of life, a. man of some 
forty-five summers ; many yeai-s of intellectual vigour wore 
perhaps still before him. Was he to spend all those in marking 
time to the music of an Imperial Court ? 
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Just at this time, in ir>(>l, there canic into his hands the 
anatomical observations of Falloppins (Gabrielo Falloppio), a 
man of whom 1 shall pres^mtly havt' to speak, who in lool had 
after a brief interval succeeded Vesalius in thi^ cfiair at Padua. 
This book came to the weai*ied and des])ondent Vesalius, 
banished tt) th(^ iiit(‘IU‘ctual dos<‘rt of Madrid, as a living voice 
from a bright woild outside. ‘‘ Putting everything else on one 
•‘side, he gave himself,” as he sayi^, ‘‘wholly up to th<‘ instant 
“greedy reading of the pages” whic‘h brought vividly back i.o 
him the delights of his youth. Calling back from tlui past the 
memory of things observed long ago, for new obstu’vations. as 
we have seen, were out of his power, he put together bit by 
bit some n(^tes criticising Falloppins’ woik, put them together 
hurriedly and rapidly, i^» order that Tit^polo, the Venetian 
ambassador, then at: Madrid but about to return to Venice, 
might carry the manuscript with him. In that ‘ Examen,’ 
as he calls it, Vesalius says how the residing of Fallop})ius 
notes had raised in him ‘‘a glad and joyftd memory of that 
“ most delightful life which, teaching anatomy, I passed in Italy, 
“the tJ‘UO nurse of inttdlects.” He looks forward, ho says, “to 
“ see the ornaments of our science continue to bud forth in the 
“school from whicli 1 was while yet. a A^onngstor dragged away 
“to the dull routine of medical practice and to tin? worj‘i( 3 s of 
“(‘.ontinual journeys. I look forward to the accomplishment of 
“ that great work for which, to the best of my powers so far as 
“my youth and my then judgment allowed, I laid foundations, 
“ such that I need not bt‘ ashamed of them.” 

And even more, he was nursing the idea that liis ])reseut 
barren life might be exchanged for a more fruitful oiu^ “I 
“ still,” says he, “live in hope that at some time or other, by some 
“ good foi’ttine I may once more be able to study that true biblc, 
“ as we count it, of the human body and of the nature of man.” 
He was still the Vesalius of old, unchanged by ail the ex- 
pericnciis of a life at Court. The words ‘ that true bible ’ 
epitomize his life’s works. The true biblc to read is nature 
itself, things iis they arc, not the printed pages of Calen or 
another ; science comes by observation, not by authority. And 
wc may perhaps go so far as to suppose that by adding the 
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words the nature of man, ‘ niaii himself,* to the words ‘ the 
b<xly <^f man/ he was looking forward to doing* in his riper 
years for physiology what in his youth ho had doTu,^ for 
anatomy. 

But it \vas not to be. In 15(13 lui suddenly dcterininod to 
make a pilgrimage to Jerusalem. 'Inhere are various legends 
as to the reasons which led him to this step. It is said that in 
jnakiitg what was supposo<l to be a ])o.st-mortom examination 
ofi a nobh? man, or according to others a woman sulVering from 
some obscure disease, it turned out that th(i body was still 
living, and that the (^hnreh insisted n])on tlu'. pilgrimage as an 
expiation for an act deemed to be a saci*ileg(.‘. The truer aceoiint 
is probably that tohJ by the botanist Olusius, that Vesalius, ill 
in body, and we may add (‘ven inore sick at heart, wearied of 
the Court, and harassed by tin' (^luirch, seized an o))poj‘tiinity, 
and made the proposed pilgrimage an (.'xcus(^ for bringing to an 
<'nd his tlnui mode <»f hie. 

()u his way to Jeiusalem he sto]ipe<l at V’^enicc* and renewi'd 
his iritercouvse with scientific fricuids. Hv* there learnt that 
the manusciipt on Falh>pins had never r('iie]uMl that anatomist, 
who had somewhat suddenly died in 1 5(12, but was still in 
I'iepohKs hands. His friends at once obtaim'd it from Tiepolo, 
and it saw tin.', light in the folio wiiig May. 

The Senate at A^enice were just then at a. loss for a fit 
successor to Falloppius, and it is possible, that Vesalius during 
his stay in the city made known his willingness to desert tht* 
Cmu’t and to ret.nrn to academic life; for it is said, though 
docunnmtary evid('nc(' is lacking, that during his eastern 
journey he rcceiverl an invitatiem to occupy his ()ld chair. 
Ahv;, 0)1 his way back in 15(34 he was taktm ill, or possibly 
a latc'iit malady openly developed itself, he was put ashoi-e on 
the island of Zant(^, and there he passed aAvay. 

The inflnenc(' of Vesalius on tin? history of science may \>e 
regarded on the one hand in its genei*al, on tlu^ other in its 
more special aspect. 

Taking the gt'uei'al aspect first avc may say that he founrled 
modern anatomy. He insisted upon, and through his early 
unwearied labours by his conspicuous example ho ensured the 
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success of the new inothod of inquiry, the method of observu' 
tion as agaiiisi interpretation ; he overthrow authority and 
raised up exporienee, ho put the book »)f nature, /.ho true book, 
in place of the book of Galon, and thus made fr*ee and open the 
paths of inquiry. Others before him, as wo have said, Mundinus 
to wit and Carpi, had inado like eflbrtvS, but theirs were partial 
and unsuccessfid ; X'esalius’ efforts were great, complete, and 
successful. Upon tlie publication of the Fabrica, tlu.^ pall of 
‘ authoiity ’ was oir*o and for ever removed. Vesalius' results 
were impugned, and indeed wore conocted by his compeers and 
his followm-s: but tlu^y wore impugned and corrected by the 
method which he liad introduced. Inquirois assorted that in 
this that point (hilen was right and \ osalius was wrong, but 
they no longer aj)pealod to the authority of tJalon as rleciding 
the (|Uc.stion, they appoaI(Kt now to tlio actual things as the 
judge between tin* two, as tlu‘ judge of Galon as of others. 
And even those who were Vosalius' most d(.*voted disciples 
never made of him a second (jalen ; they never appealed to 
him as an authority, th(*y weix^ content to show on the actual 
body that what ho l)ad said was right. 

Under a more special aspect he may be regaitled as tlie 
foundm- of j)h ysi()l<»gy as well as of aiiatoiny in as much as he 
was the distinct forerunner of Haivey. For Harvey’s groat 
exposition of the circulation of the blood did, as we shall see, 
for physiology what \'esalius' Fubricu did for anatomy; it first 
rendered true progress )K)ssibh‘. And Harvey’s gr(‘at work wfis 
the direct outcome of Vesalius' t{*aching, tlic din^ct outcome 
and yet one l eached by succtxssive st(3ps, stops taken by men of 
the Italian school, of which V'esalius was the founder and 
father. • 

To these we may now tuin our attention. 

We have seen that even in the first edition of ir)4-8, Vesalius 
hinted at his doubts about the Galenic doctiiixe of tlie uses of 
the lu:art and its parts, and that in the secopd edition of 1555 
his doubts were more clearly outspoken. That doctrine of 
Galen was not merely a wiH>ug conception of a particular part 
of physiology, it stooil in the way of right conceptions of all 
pai-ts of physiology. Let us reflect that to-day our view of any 
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and (ivery action and proccHs of the body, has h)r its fundamental 
basis the fact that the life of every tissue unit of the body is 
dependent that unit being bathed directly or indinjctly by 
blood which comes Lo it as oxygen -bearing, arterial blood, and 
leaves jt as venous blood carrying away the products of activity. 
Let us remember that such a view is impossible under the 
fialenic doctrine which taught that to and from every tissue 
there' ‘was a flow and ebb of two kinds of blood, serving two 
purposes, one kind travelling in tin', veins, the other in the 
arteries. Let us further remember that this (Jalenic doctrine 
of the uses of vedns and arteries was bound up with the (Salenic 
doctrine of the working of the heait. If w(‘ do this we shall 
at once see that tlie true teaching of tlui mechanism of the 
bodily heart is as it were the intellectual heart of all phy- 
siology, ami understand how Harvey in overthrowing the 
(jalenic doctrine of the action of the heart, overthrenv much 
more than that, ami cleared thc5 w^ay for tnu^ conci^pl;ions of tlic 
actions of all parts of the body. 

The (central idea of tlu' (ialenic doctrine w^as the mysterious 
transit of blood from the light to the left si<l(‘ of th(‘ heart 
through the invisibles pores of the se[)tum. The transit which 
(Jalcn supposed to take ])lace was not a. com})lete transit of the 
whole contents of the right ventricle, such as w^e now' know^ is 
effected through the pidim>nary circuit, but only a transit of 
somf* of the contemts, tlu* rest flowed and ebbed along the 
vtiiiis, just as the contents of the left ventricle flowed and ebbed 
along the arteries. But such a partial transit furnished the 
whole int(*rcourse betwuxui the right side and the left; and all 
the conceptions of Galen as to what took place in the lungs, in 
the«arteries, in the veins, and in the heart itself were dependent 
f)n the occurrence of this passage of blood tlirough the a[)pa- 
rently solid septum. 

We have seen that it was just this pai t of the Galenic 
doctrine which o.^pited Vesalius’ strongest doubts ami his most 
pronounced sarcasm. It was attacked also by others ; some of 
these were Vesalius’ pupils, direct or indirect, but one Avas not. 

In Spain, in the laud where above all other places the 
Church ami the Inquisition Avere stifling inquiry, in Villanueva 
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ill Arragon, there was born in loll a man, aftorwai-ds known 
by tlie name of Micliael Servetns. Fleeing oarl}^ from the 
IiKjuisition and his native soil, wandering in r many lands, 
stmlying many things, learning* anatomy under Sylvius and 
Giinthor at Paris, where he might liave sat ]>erhaps jon tljo 
same bench with Vesalius, his active mind devoured all the 
knowledge of the time. He was in turn jurist, astronomer, 
meteorologist, geographer and doctor, but above all other tilings, 
a theologian. He threw himself with zeal into medical studies, 
and ac<juired in them such a reputation that tlio Archbishop of 
Vienna made him his ph 3 \sic:ian ; but his n^al interest in such 
studies lay in his bidief that the stud}' of anatomy was one 
of the paths which lead to a knowledge of Hod. To know, said 
he, the spirit of Hod, we must know the spirit *>r man; and to 
truly know the spirit of man, we mu.st know tln^ structure and 
working of tin* Ixxly in which that spirit resides. This led him 
to introduce anatomical distpilsitions into his theological works. 
These w(u*e in the main two; {)iie was entitled De Trinitatis 
Error ibusy puhlisluxi in 15M1, through which he stands out in 
history as the pion<*er of Hnitarian doctrine. Tlie other, the 
one whicli most concerns us here, was the Restitfftuf Chistiar- 
published in looS, but reatly in manuscript long before. 
I need not dwell on Servetus’ story hei*e. Everyone knows 
how in 155/b on Oct. 27, he was burnt at the stake in Geneva 
at the bidding of ( Vilvin, bijcau.se he would imt recant his 
rcligiiuis faith. With him, or at the same time, there was burnt 
the whole (?dition of 1000 copies of his book, the Restitutw, 
with the exception of some few copic's w'hich harl ]>a.ssed into 
the hands of friends. 

In the Restitutio occurs this rcmarkahk.j j)assage : 

"In order, however, that we may understand how the 
" blood is the veiy life, we must first learn the generation 
" in substance of the vital spii it itself which is composed and 
" nourished out of the inspired air and very si'ihtle blood. The 
“vital spirit has its origin in the left ventricle of the heart, 
“ the lungs especial!}' helping towards its perfection ; it is a 
“ thin spirit, elaborated by tlie power of heat, ef a 3 'ellow 
" (light ) colour, of a fiery potenev so that it is a^s it w(ire a 
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“ vapour shining out of tlio purer blood containing the sub- 
“ stan(*.c of water, of air and of tire. It is generated througli 
“the eominivgling which is effected in the lungs of the 
'‘inspired air with the elaborated subtle blood eoniniunicated 
“from. the light ventricle to the left. That communication 
“ docs not, however, as is generally l)(ilievi:d, take place through 
“ the median wall (septum) of the heart, but by a signal artifice 
“the 'subtle blood is driveui by a long passage through tlie 
“lungs. It is prepai’ed l)y the lungs, is I’ondered yellow (light) 
“and from the artery-like vein is |x>ured into the vein-like 
“artery. Then in the vein-likti artery it is mixed with the 
“ inspired air, and by expiration is cleansed from its fumes. 
“ And so at length it is drawn in, a complete mixture, by the 
“ hfft ventricle through the Diastole, stuff tit to bticome the 
“ vital spirit, 

“That the communication and prepai*atioii docs take place 
“ ill this way through the lungs is shewn by the manifold 
“ conjunction and coiumuiiication of th(^ artery-like vein with 
“ the vein-like artery. 

“ l^his view is conlirmed by th(^ conspicuous size of the 
“artery-like vein which would not have been made so large 
“and so st<iUt. and would not discharge from the heart itself such 
“a power of very pure blood into the lungs for the mere 
“purpose of nourishing those organs. Nor would tlie heart 
“serve the lungs in this maunei, especially since at an earlier 
“date in the einbry<j on account of the little UKuabjanes of the 
“ heart, the lungs themselves arc up to t he hour of birth 
“ uoiirish(Ml fi*oin other sources, as (Jaleu tiiaches.’' 

The.se words shew beyond all possible doubt that Servetus 
rejected wholl}' and unreservedly the hypothetii^al passage of 
tlie blood through the si'ptnm ; he wont far beyond the merely 
hinted sciepticism of Vesalins. l^hej^ further shew that he had 
grasped the bnuj features of the pulmonary circulation, the 
pivssage of the b^ood from the right side through thcj lungs to 
the loft side. He must have attained these results by his own 
unaided inrjuiry and th<jught ; and had he given to science the 
labours which ht? gave to tluM)logy, he obviously might have 
deserved the title of one of the great anatomists of th(.* time. 
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But beyond the above contribution to knowledge, there is 
nothing in his works which can be considered as in any way 
marking an advance in anatomy or in })hysi()]ogy. Nor is 
there any solid rccxson for thinking that his writings to any 
extent intinenced the anatomists of the time. Servetns’ book, 
as we have seen, perisln'd with him, only a few s(*eiet copies 
surviving, and there is no evidence that these survivors found 
their way generally into anatomists' hands ; they were doubtless 
treasured by the theologians for whom they weie written. 

One point however deserves a little notice, "riie Restitutio 
though not publishcHl until loo.*] was ready in inanuscript so 
early at least as 154(): and tluae is evidence that Servetus 
sent inanuseript co])ies of it in that year not onl^’ to Calvin at 
Genova, but also to one Curio, a h‘arne(l doctor at Padua. • It 
has been suggested that Curio might hav(> shewn the work, and 
more [uirticularly t-hc* passage on whieli we have*, dwelt, to 
Vesalius, and that this is the reason why Vesaliiis in his c'dition 
of looo was more emphatic in his doubts about the passage 
through the s(iptnm than he had be<*n in tho. first edition of 
1548, b(iforc he had had the oppoi tunity of learning 8ervctns’ 
views. But this is a mere gu(‘ss. Moie<>\or even in 1543 
Vesalius, as we have seen, aln‘ady had his doubts, and in looo 
had he really known and accepted Servetus’ statements woiilr], 
we may well imagine, have* spoken out with a nuich less uncertjiin 
sound. 

1 shall have sometliing to say as to the; influence Servetus’ 
words might have had on another man, Roaldo Colombo, of whom 
we shall have next to sp(^ak. But though it cannot ho dcuiied that 
Servetus was ahead of all his contemporaries in his insight into 
the err*)rs of the Galenic doctrine of the heart, it is impossible 
to look upon him as one who exerted any marked influence on 
anatomical thought. He cannot be regarded as a real link iri 
the chain which leads from (bilen to Harvey and so to the 
present day. His utterances are of the san^ nietak and have 
the same ring as tho.se which do form the chain, but they stand 
apart from those. His sayings are isolated bits of truths 
floating along the stream of human thought by the side of 
other truths, the outcome of the labours of other men. 



LECTURE 11. 

HAKVEY AND 'I'lIE CIRCITLATION OF THE BLOOD. 

THE LAOTEALS AND LYMFHATJC«. 

When in 1.342 after the coniplctioii of his groat work 
Vosalins had leave* to absent himself from Padua a yoniig 
man Matheus Ilealdus (.■olumbiis, a native of fh'einona, was 
appointed as his deputy, and when in 3 344 Vosalius finally 
loft Padua, the »Sonate of Venice (‘ntrust<‘d for two years 
the duty of reading the lectur(*s on Surgery ;ind Anatomy 
to the same Columbus. But Columbus did not remain Vesalius' 
successor even for the tAvo years; in tlie iK*xtyeai*, lo45, Cosirno 
do’ Medici appointed him as the lirst lh'ofcs.s(»r nf Anatomy in 
the newly renovated University of Pisa; and V’esal ins’ chair 
was not adccjuately filled until 1551, when (Jabriedus Falloppiu.s 
was placed in it. 

Falloppius, born in Modena in 152^3, u, favourite and a 
devoted ])upil of Vesalius, an accomplished and travellevl 
scholar, a careful and exact observer and deseribiu*, a faithful, 
mork*st. quiet man has left his name in anatoniy, in the terms 
Falloppian canal and Falloppian tubes. We owe to him 
many valuable observations on the skel(*ton, especially on 
the skull, on the tynijinnuru. on the muscles, and on tfie 
genemtive organj^. But he made no large contribution to 
knowledge such as distinctly inttuenced the progress of physio- 
logy; and he left no mark on the floctriiies of th(i circulation. 
1 have already spoken of his Anatomical Observations as 
stirring up Vesalius in his later years to revived anatomical 
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longingy ; in those Falluppius says that if he had been able to 
advance an\ iie\v truth, that was largely due to Vesalius 
“ wh<> so shewed lue tlie true path of inquiry that 1 was able 
“ to walk along it still farther than had been done before.’' 

A very different njaii was Matheus Realdus Cojumbus. 
Born at (heinoiia in 1516, and therefoie only a year or so 
younger than Vesalius, ho came at the close of his ‘teens’ to 
Venice and I'adua. to study inediein<\ Hi? says that he learnt 
all he knew from one Lonigo; but tliere can be no doubt that'lie 
also studied uniJer and learnt much from V^esalius, who indeed 
says that he was very intimate with him (milii admodum 
familiaris). Ap])arently at first V\?sa]ius thought very highly 
of his ( Jremonian friend : but it was not long l)efore the 
two became Ovstranged ; and with reason. Columbus was •evi- 
dently a sharp. cl(?\ er, man ; but not only did he lack a good 
general e<lucation, such as Vesalius, Fallopjvius and others en- 
joyed in a high degjee foi* they had studied (ii*eek and 
philosophy as well as Latin, whereas Columbus seems to have 
been imperfectly acquainted even with Latin ; his profvissional 
knowledge also was 8in)erfieial. Vesalius spoke of him in later 
years as an uncultivated smatterer. far from appreciating 
Vesalius’ gix;atness, tVdunibus seemed to havi? thought that lie 
was as good as he and that ho ought to rec(?ive the like high 
reputation. When and wh(?revor a Goliath a])pears we find 
some young would-be J)a^id starting up to win fame by 
throwing the stone at him ; and Columbus, while acting as 
Vesalius’ deputy, thought that Vesalius’ absence was his 
opportunity, and in the anatomical thi'atre he insisted often 
and loudly on Vesalius’ errors; ho did his best to maki> 
Vesalius ridiculous, and to prove that the great anatomist of 
the time was not he but Matheus Realilus Columbus. Vesalius 
however on his ri^turn turnt'il the tables on him, and thoroughly 
exposed Ids pretentions. 

Again and again, in the story of the time wo find indi- 
eation.s of something unsatisfactory about Columbus. The 
Venetian Ai*chives contain two records for the year 154?!, 
one in August nominating fia* the chair of Suigery in Padua 
in the first jilace Andreas Vesalius, and iu the second place 
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Matheus Koaldus Colonfibus, anotli<a* in October coiilinniiig 
the above but omitting Oolmnbus “ fo?* we wish Vesalius alone 
“ to read the Li.!Cturo on Surgery.” This suggests that the Hrst 
nomiiiation of Columbus had been gained by means of which 
the Senate did not approve. Latiii* on when in Io42 Vesalius 
left Padua for a while, there is evidence that Columbus, though 
appointed deputy, did not wholly i*e|)lace the absent professr^r: 
lie did the dissections, and In* was piobably a very skilful 
workman, but it would appear that one Mon tan us read the 
lecture. Lastly, upon Vesalius' linai departure in 1544, though 
the rec.oi-ds shew that Columbus was, as we have sairl, formally 
appointed his successor for two years e.ertain, he only retained 
the chair for a year; in 1545 ho withdnnv to Pisa. 

Tin.'! gi‘(*at Florentim^ |»atrons of science and art were then 
striving to make a famous I Jiiiversit}* at Pisa. As we sltall 
see they so far suceoe(h‘d that in later years Pisa outslione 
Padua, Bolomia ami Home: but at tin.* time of whieh we me 
speaking, a chair at Pisa was something like a. chair now-a-days 
in a small |)i*ovincial Colh'ge, a post sought afl.er as jui oppor- 
tunity for Avinning one's s|)urs, a .stej»i)ing-stone to better and 
higher things. It was such to Fallo]>pius, who proles.sed 
anatomy there from I54S until his eall to Padua in 1551. 
C\>lumbus’ going to Pisa was therefore not a sl(‘p in the way 
of prefei-ment ; some other reason must have been the cause of 
liis leaving Padua. He taught anatomy at Pisa until 154S, 
when ho received a call to the cliair of ana tomy in the Ibiiversity 
at Romo, which he held until his early death in 1551). 

He left behind him om* work only, his J)e Re AnatonnetJ 
lAbH XV. published by his clulilren in 1551) after his death. 
That book though it achieved fame, and imh^c'd Harvey spoke 
of its author with respect of a giHMit authority, is a mirroi* of 
Columbus' character and attainments. It is, though mucli 
shorter, an almost barefaced imitation of \'(isalius’ Fabria/. 
'fhe frontispiece <;v<ui is a bad imitation of Vesrdiu^' fri>ntis- 
piece, and the. work ends as does Vesalius' with a cha}»ter 
on vivisection, the one being little more than a varied 
repetition of the other. Throughout the work are tokens 
of the vain man striving to exalt his own horn. He tells us 
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again and again how much ho iinprossod his listeners. “ When 
T shewi‘d this 1.<» His Evninence, he expressed himself as hngoly 
“ gratified.'' “ WIk.ti I gave tlio demonstration of,this important 
“ new truth, I had the honour to count among my audience 
“ His Royal Higlmess this, JHs Excellency that, and the Most 
** Revei'end tin* other/' He h*ft no stone unturned with which 
ho might hope to increase ]iu*n’s acknowledgment of his talents, 
and tlieii* ai*e many reasons for thinking that his position 
at Rome was in lai*g(‘ measure depcaulent on his fulsome 
adulation of Pope Pius IV., to whom his posthumous work 
w;is dedicated. 1'hey who know th{‘ character of Pius IV. Citn 
judge of tlu‘ character of the man who loaded him with praises. 

Noverthc^less, \'aiii as (/oluinbus cmtainly was, ignorant also 
in jnany respects as he seems to have been, there is no doubt 
that in the work of which we have spoken he did correctly 
describ(‘ the jnilmonary circulation. I'his is what he says 
in his chapter on the heart nud artiTies : — 

“ Two cavities that is two ventricles, are pri^sent in the heart, 
“ not thn'e as Aristotle thought. Of these one is on the I'ight 
“side, the othc;r on the hdt. The right is much larger than 
“the left. 1'h(.' right contains the natural blood, but the left 
“ thc‘ vital blood. It is v<‘ry intei’estiug to observe that th<; 
“ substauce of the heart surrounding the right ventricle is very 
“ thin blit on the left side is very thick ; and this is so arranged 
“on the <aic hand in ordiu' to keep up the balance and 
“on the other to jirovent the vital blood which is exceedingly 
“ thin from transuding out of the heart. Between these 
“ ventricles there is [>la.ce<l tin* .s(*ptum through which almo.st 
“all authors think thei-e is a way open from the right to 
“the left ventricle; and according to them the blood is in 
“ tlie transit rendered thin by th(i generation of th(? vital 
“^spirits in ord(U’ that the passage may take place mon* easily. 
“ But these make a great mistake ; for the blood is carried by 
“the artery-like vein to the lung and being there made thin 
“ is brought back thence together with air by the vein-like 
“art;ery to the left ventricle of the heart. This fact no one 
“ has hitherto observed or recorded in writing; yet it maybe 
“ most readily observed by anyone." 
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And again, speaking of the vein-like artery he says : 

“Anatomists, not veiy wise, begging their pardon, in so 
“ doing think that the use of this is to carry th(i chaugt^d air to 
“the lungs which, like a fan, ventilate the heart, cooling this 
“ organ and not as Aristotle thought, tlu* brain. The same 
“ writers think that (he lungs rectn’ve the 1 know not what 
“smoky fumes (fumos capinosos) (for so in Ilnur ignorance 
“ of the tongues they call them) discharged from the left 
“ ventricle. About this, all one can say is that it })leases tlnnu, 
“for they certainly seem to think tliat tlie same slate of things 
“exists in tin* Inuirt as in a chimney, as if there were green 
“ logs in the heart which give out smoke when buint. So far 
“ concerning th(* use of these ])arts accoi'ding to the opinion of 
“other anatomists. 1 for my part hold a <|uitc* dilferent view, 
“ namely that tliis vein-like artery was nnuh* to carry blood 
“'mixed with air from the lungs to the left ventricle of the 
“heart. And this is not only most probable, but is a(*,tually 
“the case; for if }'i)U examine not only (huid bodies but also 
“living animals, you will find this art(‘ry in all instances tilled 
“ with bloo'i, wliich by no maniKU' of m(‘an.s would lx* tlie (%‘is(^ 
“ if it were constructed to carry air forsooth and vapoius. 
“ Wluireibix*. 1 cannot wond(U* enough at anatomists who 

“ have not obs(U-ved a matter so clcai’ ami of such importa,nce, 
“eminent though they wish to be considered and indeed are 
“considered by many of their fellows. l]ut f(»r tliese it is 
“enough that (Jalen said so. What:' To think that soim* 
“folk in our time swear to the dogmas of (laleu about anatomy 
“so that they dare to assert that Gal(*n ought to be taken as 
“gospel, and that there is nothing in his wiitings wdiich is not 
“ tri¥^ ! It is ^vonderful how' men are carried away by tliis 
“doctibie; and the princes of the anatomy oflfeu* it to the rabble. 

“ Yet no one sees how much this is to be blamed. Who indeed 
“ is there wdio ruu-er otfeuds But of this enough and more 
“ than enougli.” ^ 

Ho without restriction claims the discovery as his own. 
Let me note in passing that he makes no atUmipt to dra^v 
from the important new fact, the conclusions wliich chiefly 
give it its importance. Though he repudiates the Galenic 
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diictrine ot* the passage t.hroiigh th<> solid soptuin, the chaTiged 
view on this point makes no essential chaiig(‘ in his* general 
views on the eirculation. 1'hese still remaii^ (Talenic; the 
veins still carry blood to all parts of the body. “This is the 
“use of the vt>ins, to carry blood to all parts of the body in 
“ ord(‘r to nourish tliein ; for all the nicmbei*s of the body are 
“ nourished by blood alone, wherefore' nature made the veins 
“ hollow foi- th(‘ sak^^ of theii* function that like streams they 
“ might pervade tin; btuly.'’ He did not grasy) the true mean- 
ing of the discov<uy on which he prides himself, and others 
after him as we shall see also failed to sec it. But did he 
really himself make the discovery ^ 

His book as we have sc^en was not piddislunl until 1559. 
Tn no other writing had ho published the discovery; we have 
uo I'ccord of when ho began to ti'ach this nt'W doctrine of the 
jadmouary circulation. He may have taught it orally to his 
stiidcajts, or its apju'araiK'e in the posthumous work may liave 
boon the first occasion of its being madi' known. We cannot 
tell ; but W(^ may be w(‘ll surc^ that he had not a}*riv(‘(^ at the 
new t)‘uth before he came to Kome Avhih.' h(> was still at Padua 
or Pisa, seeking to win famc^ 

Now his teaching of tlu* pulmonary (urculatum is almost 
identic;d with that of 8erv(.*tu.s, and resembles it in tlu' absence 
of the i’ar-reaching c<.mclusions which may be drawn from the 
fact. 

As we have seen Servetns in ]54() sent to (hirio in Padua 
a mauusciipt co|»y of his l{eMitutio\ this Columbus may have 
seen. Again wlieu tlu' edition of the published liest/tutio was 
burnt in loo:!, some few copies escaped: one of these may have 
found its wa}^ to Ib^me bc'fore Columbus Iiad sent his <vvork 
to the press. 

, Colnmbiis miglit hav(? taken the idea from Servetns. But 
what light have we to accuse Columbus of what is in reality 
a theft :' Vesalius too might have seen if not^Ckirio’s manuscript 
CMpy, at least one of the escaped prints of 15.58, before he 
published the second edition of liis Fabrica in 1555 But 
Vesalius does not <]escribe the pulmonary (urculation ; in his 
edition of 1555, he meuely accentuates the doubts about the 
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Galenic docfirinc which he felt in 1 543. Columbus almost exactly 
repeats oervetiis’ words. 

Mor('over wo liave cle;u* ovklenco that iu the same book 
De lie Amdonnea lie did claim as his own discovery, something 
which wo know lii‘ learnt from others. Jn that work he states 
that he? was the first to d(*scribi‘ the third ossicle of the ear, 
the stapes. But we know from Fallojipius that the stapes 
was first observed and <lescribed by Jolm Philifip Ingi-assias of 
Paiermo, or rather of Rachelburg, a Sicilian of' eminence, who 
ultimately succeeded Vesaliiis as physician to Philip II, 
Ingrassias’ discovery was made known in 1548 to Falloppins, who 
inquiring of his friends at Uorne about it was assured by them 
that neither ColumbiKs nor anj^ oiu? else had ever mentioned it. 

Wo have here evidcaiee not only of a theft but of a bold 
theft, of an unabashed attempt to assert ownei ship of tin- thing 
thieved. He who sins once maybe looked for to sin again ; and 
we may with reason suspect that Ckilumbus' asserted discovery 
of the? pulmonary circulation Avas not his own but 8(?rvetus\ 

Still the fact remains tliat this marked <h‘pjtrtnre from th(' 
Galenic doctrine was ch*ai-ly enunciated by him, and that not, 
as had been done by Hervetus, in an out of thi? way mannei- as 
a link in a the<ilogical argument, but coTrsjucuously as part of a 
deseriptiori of thi‘ heart iu an inqiortaut anatomical treatise. 

Of a very diffeient- stamp to Golumbus was Andreas 
Gaesalpinus. Born at Arezzo in 151b, he was for many years 
Professor of Aledicim? at Pisa, namely fioni 1507 t»o 1502, when 
he passed to Rome where he became Prof<?ssor at i he Sapic?nza 
University, and jihysician to Pope CJlement VIJI., and wliere 
at a ripe old age he died in lOO^k 

If Columbus Ia(?ked general cadture Caesaipinus was drowned 
in it. Learned in all the learning of the ancients and an 
enthiisiiistic Aristotelian, he also early laid hold of all tlie new 
learning of the time. Naturalist as well as physician, he 
t*aught at Pisa Botany as well as Medicine, being’ from 1555 
fco 1575 Professor of Botany with charge of the Botanic garden 
founded there in 154o, the first of its kind, one remaining 
until the present day. 

He made no marked contribution, of a clear and definite 



32 


Harvey and the [lkot. 

nature to our knowledge of* the structure or working of the 
animal body; he was indecsi not an observer, but a* theorist 
and porliaps even more a disputer. His real passion seems to 
have been for theology, his studies in whicli led liim for a while 
into a conflict with tin* elnirch, though lie ultimately recanted his 
heresy. His favourite doctriiu^ was that the world was peopled 
with and indeed rulcni by invisible demons, the apparently 
voluntary acts of cveiy man bcung in reality the handiwork of 
the man s own familiar spii it. In all that related to medieine 
he early took uy.) an attitude of oyiyiosit.ion to Galen, carrying 
it almost to the ('xtent of maintaining that whatever Galen 
atfirm(‘d was wrong, and that whatever Grdon opyiosed was 
right. It would se(an that it was this spirit of the controver- 
sialist raf.hor than any careful observation of and dedu(;tion i'rom 
yihenomena which led him in hi.s rambling discursive and 
obscurely writtem philosophicfd and medical treatises, his 
Qtfifetittiovcs pcrip(ttfitir(fe (1571), and his Questioiies Medicae 
(lofKl), to eiiunciab* views, which however he arrived at them 
(certainly foresliadowed or oven anticipated those whicli wore 
latei* on to lui established on a sound basis. 

In his Peripatetic Questions h(‘ sc'onu^d to have hold of 
sc^veral points relating to the true action <»f the heart. He says 
for instance Lib. v. Quaest. 4 : 

“For the membranes are so ydaced at the orifices that they 
“are opened wluui the heart is dilated and are closed when tlio 
“heart is conti*acted. It follows therefore either that the luim 
“ and heart nmst be dilated at tht 3 same time and constricted at 
“ the same time; or the (‘utrance of the syiirits must take place 
“ while Wi* bi’t'athe out. Foi* if the heart hapyieiis to be dilated 
“while the lung is constricted, and to be constricted while^it is 
“ dilated, the air will entXT the heart when we breathe out and 
“issue from the heart when wc breathe in; wliieh is impossible 
for the movements aix; in a contrary direction. To say, however, 
“that the heart and lung are always dilated at the same time 
“ and contracted at the same time is opposeef to facts, for wo can 
“regulate our breathing by our will, but the beat of the heart 
“ is wholly beyond our jxnver ; and even when we are breathing 
“ involuntarily, breathing is in most cases .slower than the yiulse. 



;13 


II j CirculMtimi of the Blood. 

m 

“The pulse of the arteries presents another ditKcnlt 3 ^ 
“ Of the vessels cuiding in the heart, some send into it the 
“ material which they cany, ior instance the vena cava into 
“ the right ventricle, and the vein-like artery into the left ; some 
“on the other hand cany material awa}' from the heart, as for 
“ instance the aorta artery in the loft ventricle and the artoiy- 
“ like vein nourishing the lung in the right. To each orifice are 
“attached little monibranes whose function is to secure that the 
“ cfrifices letting in do not lead out and that thosa leading out do 
“ not let in. It follows that when the h<\‘irt contracts the arteries 
“ are dilated, and whoT! it is dilated they are (‘.onstricUHl; the two 
“ are not, it appears, constricted and dilated togethei\ For when 
“ the heart is dilated, it wishes that the orifices of tin* vessels 
“ which lead out should bo shut so that material should not How 
“from the heart into the arteries, but that it should flow in 
“ this wa}’ when the heart contracts, the membranes gaping (and 
“ affording a passage). If therefore th(* arteries were dilate*! ami 
“constricted at the same time as the heart, it would follow that 
“they would be dilate<l at the time when the matej-ial filling 
“ them from the heart was denied them, and constricted at a 
“time when material was flowing into them from it. But it 
“is manifest that this is impo.ssible. To say therefore that 
“ the heart and arteries beat at different times is to (haiy ones 
“ senses and to doubt reason/’ 

He til us appears to have grasped the imjiortaut truth, 
hidden, it would seem, from all before him, that th(^ heart, at 
its systole, discharges its contents into the aorta (and pul- 
monaiy^ artery), and at its diastole receives blood from the 
vena cava (and piilmonarv" vein). 

4^gain, in his Medical Questions, he seems to have grasped 
the facts of the flow from the arteries to the veins, and of the 
flow along the veins to the heart. He says, Lib. ll. Quaest. 17, 

“ But the following matter seems worthy of consideration, 
“ the reason, namely, why veins when ligatured swell on the far 
“ side and not on the near side of the ligature. This is a fact 
“ well known by experience to those who let blood ; for they 
“ place the ligature on the near side of the place of incision, 
“ not on the far side, because the veiirs swell on the far side, 
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‘'not on the near side of the ligature. But exactly th(? contrary 
ought to happen if the movement of the blood and the spirits 
" took place in the direction from the vi.s(?era to all parts of 
''the body. When a channel is interni])ted, the flow beyond 
the interruption ceases : the swelling of the vesins therefore 
“ought to bo on the near side of the ligature. 

“ Here is the solution of the doubt ai’ising from what Aris- 
“ totle writes concerning slec]) when he says: 'Jt is necessary 
“'that what is evaporated should be driven to some place and 
“ ‘ then be tui-ncd back and changed like Euripus. For the heat 
‘"of every living thing ascends by iiatnre to a higher place, 
‘"but wheTi it has reached the higher place, it in many cases 
“ ' turns back again and is carried downwards.* This is what 
“ Arist(»tle says. Now to (explain this passage W(i must r(>cognizo 
‘'the following. The passages of the heart are so arranged by 
“ nature that fi'om the vena cava a flow takes place? into the 
“ right ventricle, whence the way is op<ui into the lung. From 
“the lung moreover there is another outranco into the left 
ventricle of th(? heart, from which then a way is oj)on into the 
“ aorta artery, certain membranes being so placed at the? mouths 
“of the vessels that they prevent return. Thus there is a sort 
‘' of perpetual inoveinent from the v(?na cava tiirough the heart 
“and 1 lings into the aorta artery as T have ex])Iained in my 
“ P(;ripatetic Questions. 

“Now wh(?ii we are awake the movement of th(‘ native heat 
‘'takes place in a direction outwards, namely, to the sensory^ 
“regions of the brain. When we are asleep however it takes 
“place? in the contrary direction toward.s the heart. We must 
“ therefore conclude that wdien we arc awake a large supply of 
“blood and of spirits is conveyed to the arteries and tlieijcc to 
“ the nerves. When wc are asleep however the same heat is 
“ carried back to the heart not by the arteries but by the veins. 
“For the natural entrance into the heart is furnished by the 
“ vena cava, not by tlu? ai*teries. A proof of this may be? seen in 
“ the pulses, which when we are wide awake are full, vehement, 

“ quick, with a certain rapidly repeated vibration, but when we 
“are asleep are small, langtiid, slow and infrequent. For in 
“sleep the supply of native heat to the aj’teries is diminished, 
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“ but it bursts into them with vehemence when we wake. The 
“ veins however behave in an opposite manner; for when we ai*e 
asleej) they sti-c more swollen, when we are awake they are 
shrunken, as anyone may see who watches the veins in the 
hands.. For when we are asle<jp the nati\'e heat passes fi om 
“the art(a*ies by that communication of orifices wliich we call 
“ anastomosis into the veins and so to the heart. As however 
“this flowing out of blood to the higher regions, and its return 
“ to lower regions like a Kuripus is manifest in sleep and 
“ wakefulness, so also a movement of the same kind is obvious 
“ in every ])art of the body to which a ligatui e is applied, oi* 
“ whei’c the veins are blocked in any other way. For when its 
“ free channel is obstructed, a stream swfdls at the point t<j- 
“ waVds which it is accustomed to flow. The blood then rushes 
“forcibly back to its source, h'st, being r.nt off, it should b<i 
“ extinguished.” 

We must therefore admit that Ca‘salpinus had not only 
clearly gi’aspcd the pulmonary cii-culation, but had also laid 
hold of the systemic circulation ; he recognized that the flow of 
blood to the tissues took place by the arbm-ies and by tlui 
arteries alone, and that the return of the blood from the 
tissues took pLu'e by tlic veins and not by the arteries. 

In respect to these important points, lui had obviously 
freed himself from the Galenic doctiine. Hut the (piestion 
may fairly be asked, How far were these views the (Uitcome 
of patient research, of real study of the phenomena themselves^ 
How far were they flung out in the spirit of c<jntroversy 
as ettective assaults upon accepted doctrines / 

We may led inclined to take the latter view when wt'. 
notice how little acceptance Causal [>iuns\s new doctrines met 
with among his contemporaries; how little hocid indenxi was 
paid to them until they were disinterred, so to speak, by 
antkiuarian research, and in particular what little influence 
they seemed to h^ve exerted upon Ca^salpinus’s great con- 
temporary who made the next great step in the advance of the 
true tlieory of the circulation, 1 mean Hiei’onymus Fabricius, 
often spoken of, from the place of hi.sbii-th, as ab Aejuapendente. 

Bom, in lo37, of humble parents, in the little Tuscan town 
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or rather village bearing that name, Fabriciiis studied under 
Falloppius at Padua, arid, on the. death of his master, in 1565, 
sueceeded him in the chair of Anatomy, holding jt for 40 years, 
until 1619, when he died at the ri])e old age of S2. 

A distinguished surgetm and a learned anati^mist, well 
acipjainted with the anatomy not only of man but of other 
vertebrati\s, he was tht‘ author of many treatises, most of which 
had distinct, physiological hearings and which contained many 
contributions to the advancement of knowledge*. He was flie 
first after Aristotle to <loscribe tlu^ forniation of the chick in 
the egg; ho wrote well on locomotion, the eye, on the eai-, 
on the skin, on the larynx and on sp(‘(;‘ch ; but the one work 
which concerns the subject wliich wi* have in hand is that on 
the valv(:\s of the veins, the hook I)e ffeifarmn o.sf /'ai/.s*, tlie 
little doors of the veins/ which saw the light in 1574. 

dohannns Bajitistu (A-innauus, Professor at Ferrara, is said to 
have observe.d the valves long bidbre, namely in 1547, and 
indeed to have told Vesalius of his observation ; and even 
before that, these structures it is said weiu* notii^ed by Sylvius, 
But they were not really laid hold of until h^ibideius 2 >ul.)liahed 
his book. In that work he most carefully and accurat(;ly 
doscj'ibed th(‘ir structure, p(Ksition and distribution, illustrating 
his observations by fairly good figures. He moreover clearly 
recognized that the valves offered opposition to the flow of 
blood from the heart towards the })eriphery, and even gives 
the now well-known demonstration of their actu)n on the living 
arm. 

He says J)e Vettarutti Ostiolis : 

“ Little dooj-s of the veins is the name I give to certain very 
‘‘thin little membranes occurring on the inside of the veins, 
“and distributed at intervals over the limbs, 2 )lacod sometimes 
“ one by itself, and sometimes two togeblier. They liave their 
‘'mouths directed towards the root of the veins (i.e. the heart), 
“ and ill the otluu' direeti<jn aie closed. Viewed from the outside 
“ they present an ajjfiearance not unlike the swellings wdiich are 
“ scon in the branches and stern of a plant. In my opinion they 
“are formed by nature in order that they may to a certain 
“ extent delay the blood and so prevent the whole of it flowing 
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‘S'lt once like a Hood either to the feet, or to the haiidn and 
** fingers, and boeoming collected there. For this would give 
'‘rise to two -tndls ; mi the one harid the uppei* parts of the 
“ limbs would suffer from want of nourishment, and on the 
“ other .the hands and foot would be troubled with a con- 
“ tinual swelling. In order therefore that the blood should 
“be everywhere distributed in a certain just measure and 
“admirable ])roportioii for maintaining the nourishment of 
“ tile several jiarts, thesii valves of the veins were formed. 

# * * *- * -*• 

“In the veins laid bare and examined untouched, those 
“ valves are visible to a certain extent. Nay more, that <^*ven in 
“ the living arm or thigh thesis valv(‘.s may give evidenct‘ of their 
“exfsttmee appears clearly from the fact that, when in letting 
“blood the assistants bind tln^ limbs, at intervals along the 
“course of the v(.‘ins, little knots as it were ai-e sr*en fi'om th(^ 

“ outsidt* ; these ure swellings caused by th(‘ \ alv<‘s. 

* ^ 

“ That indeed the How of th<.‘ blofid is slowtsl by means 
“ of th(^se valves is not) only mad(5 clear by t heir construction 
“but also is shewn l)y the following experiment which anyone 
“ (‘.an make, eit hei- by laying baix* the viuns in a dead body, or 
“by ligaturing a limb in a living body, as they do when they 
“ let blood. For if yon attempt to press, or by nibbing to drive 
“the blood downwards (towards tlie hand for instance) yijii 
“will cl<.‘arly see that its flow is prevented and d(‘lay(.‘d by 
“the valves.’' 

But he wholly failed to rtM'ogni/.e their triu^ j'unctioii. Still 
labouring under the inHuenco of the old doctrines and beli<wing 
that* the use of the veins was that of carrying crude blood, 
blood not vivified by the vital spirits, from the heart to tin* 
tissues, he thought that he had fully explained the value of tlv; 
veins, by pointing out that they opposed tlu*. flow from the 
heart to the tissiu;s, not. of all blood but only of an excess of 
blood ; theii- purpose was to prevent the blood as it flowed 
along the veins from the heart being lieaped up too much in 
one place. But he also thought that they were the moans of 
furnishing temporary local reservoirs of blood ; and ho likens 
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them to tl)e devices by which in mills and elsewhere water is 
datnnied u]). Ho left for ariothei-, for a ))upil of liis, the oppor- 
tunity of putting to its right use the discover} •which lie had 
made. 

^rhough ho wrote* on many points of physioh»gy, F.abricius 
did not grappK* ^v ith tlu^ problems of the heart. We learn his 
views on these incidentally from his treatise, De reiiiyirntione et 
eji(s iitstruvieittiH, Avritten in lo!J9, but m^t published until 
1603. Th(* greater part of this work deals and deals Avell with 
th(‘, muscles and with the geiu>ral mechanism of respimtion, 
but in it he also speaks of the relation of respiration to the 
work of the heart. 

In vioAv of the importance of rightly appreciating the 
value of the grc‘at Avork Avhich was to ajipc^ar a f[uarter T)f a 
century later, it may be worth Avhile to ask Avhat were the views 
concerning the circulation Avhich at the close of tlu; sixtiienth 
century were being expounded by this great teacher, Avhose 
lectuivs Aver(‘ attended by such croAvdcid classes, that a new 
great theatrt* had to be built for him, Avho Avas < I rawing hearers 
to him, not only from all Italy, but from all parts of Europe, 
even from distant Britain, and Avho by his fame, maintained 
ami oven increas(Mi the* reputation of the gjeat school of Padua. 

Strange? as it may seem, the teaching of Fabricius in 1599 
Avas little more than a repetition of the teaching of Galen ; and 
it is Avortliy of notice that in this treatise, while he repeatedly 
refers to (Jaleii, he hardly at all refers to’ Wsalius, or to any 
oth(*r modia-n anatomist. 

This is what he says : 

“ Admitting then that the lungs are composed of their own 
‘‘ pro])er tissue, of the artery-like vein, of the vein-like artery 
and of the rough artery (trachea), ainl that they possess the 
“.artery-like vein for the purposes of their o\Am nourishment, 
“ that they possess their own proper tissue to act like toAA" for 
“ the purpose of sujiporting and guarding {-he terminations of 
“the vessels, and that they possess the rough artery, in order 
“that there may be a fit receptacle for receiving the air, 
“ admitting this, it Avon Id nevertheless seem altogether reasonable 
“ to think that the Avhole construction of the lungs \A\as carried 
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out chiefly for the sake of the remaining vessel, namely, the 
vein-like artery which seizes upon the air in the lungs and 
“ carries it to rfie heart, the same forsooth being drawn through 
“ them by the heart. It is thus reasonable to suppose that the 
“ lung.s ^exist for the sake (jf the vein-like arter}', the use of 
“ which is that the air may conveniently re.acli the heart ; for 
“ otherwise the air would be drawn into the cavity of the 
“ thorax and would tievcr roach the heart did not the heart 

t 

“extend its vein-like artery from its left sinus right up into 
“ the lungs.” 

And in his Epilogus he thus sums up : 

“ In breathing, Nature puts befoi*e herself mainly a double 
“ goal, tlic generation of the animal spirits, and the regulation and 
“conservation of the heat of the heart. Tlie heat is maintained 
“and regulated by the supply of material, by refrigeration, and 
“by getting rid of suj)orfluou.s residues. All those things are 
“ brought about by means of the air taken into the* body, 
“ Nvlience tlie noecssit} of breathing. This breathing is the 
“ bringing in of air by which spirit is carried inwards and 
“outwards through the mouth, and is divided into iiispiiution 
“ and expiration. In inspiration aij’ enters the lungs and the 
“ lieart fur the sake of the supply of material and of refrigera- 
“tioii; in expiration, on the other hand, the air issues for the 
“sake of getting rid of superfluous residues. The air enters by 
“ being drawn in, it issues by being driven out ; it is drawn 
“ in, not by any occult virtues or inflmaices, but only by the 
“ principle that a vacuum must be lilled up.” 

In spite of many clear views as to the mechanics of respira- 
tion, he holds that the air is carried to the heart by the 
veimlike artery, and much of his work is taken uyj in a long 
discussion as to the exact way in which the air thus entering 
affects on the one hand the generation of the vital spirits, and 
on the other hand the innate heat of the heart. 

“ If all this beimigs to the innate heat of the heart which 
“ burns as with a flame, it must in any case be maintained that 
“ the whole business of maintaining and regulating that heat 
“consists in the first place of provitling material (for the flame), 
“ then of ventilation, then of moderate lefrige ration, and lastly 
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“ of the discharge of fumes ; all these are supplied by respir<i- 
“ tion/' 

In his treatise on the fonnation of the fietiis be says : 

“The lungs while (in the adult) they are doing work for the 
“good of the whole body, make use in the following inf),nner of 
“the thro(‘ kinds of vessels w^hich penetrate their substance, 
“ namely, the rough artery, the artery-like vein, and the vein-like 
“ artery. By means of the rough ai-tery tluy are the first to seize 
“ upon and I’cceive the air drawn in by respiration, which 
“ subse(piently by the beat of the heart is carricMl through the 
“ vein-like artery into the left cavity of the heart, to be elaboratetl 
“and converted into vital spirits and at the same time to afford 
“ refrigeration for the heart. By means of the third vessel, 
“ which is spoken of as the artery-like vein, the lungs* are 
“ nourished with the purest and thinnest blood. Hence, during 
“this time, the lung is nourished by a vessel possessing the 
“structure of an artery, but indeed receives spirits by a vesstd 
“which has the substance of a vein. But while the fetus is 
“ being carried in the uterus, since the lung does not carry out 
“ tlie fuiKttion of respii*atioii, but attends only t<i its own 
“business, the change of function is accompanierl by a change 
“ of structure. For it lays liold of bhxjd for its own nutrition 
“ by means of the venous vessel, but draws in vital spirits by an 
“ arterial vessel.” 

All this is sheer (lalenism, with here and thi*re a modern 
touch. It may be worth while to call to mind that the man 
who in 1599 wrote this was the pupil, a favourite j)ii[)il, of 
Falloppius, who was in turn the favourite pupil of Vesalius, 
and that the atmosphere, aroiind the chair of Anatomy at Padua 
must have been thick with the numiories and traditions of the 
teachings of these* great men. 

^ He had probably heard Falloppius tell many a saying of 
Vesalius, many an expi'es.sion of the great man’s not embodied 
in the written work. He probably bade, his Injareas take 
Vesalius’ great, vvork as their text-book, that great work in 
which Vesalius, by his insistance of the value of original inquiry 
as against the mere following of authority, and no less by the 
free expression of his doubts concerning current doctrines and 
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of the need of putting these to the test of cxavniiiutioii, had 
boldly cleared the way for future research. Even if he had 
not read Serveiius, he must have been familiar with Columbus’s 
book ; and both of these (we may lay on one side for the moment 
the possible commction between the had declared against 

the mysterious passage through the solid septum and in favour 
of the flow through the lungs, from the right side to the left 
side of the heart. FTo could not have been ignorant of th<^ 
writings of Ca^salpinus, who had so boldly expounded his views 
as to the action of the heart, and the flow along the veins from 
the tissues to the heart. He himself liad contributed that 
knowledge of the valves of the veins, which rightly used 
overturned the whole (falenic doctrine. Yet it was then, as it is 
now* to-day, as it has been in (jvery period b(;twc?en then and 
now, as it was in all times before, and as it will b(‘ so far as we 
ciin see in all times to come. So strong was the hokl upon 
his mind ol' (joncejitions comiug down from tlie past, that 
Fabrieius's eyes were blinded to facts staring him in the face, ami 
his ears were deaf to voices crying out new views. At almo.st 
th<.‘- very ])a)‘ting ol‘ tln^ ways ho continued calmly to jueacli 
that the old way was th(^ bcttei* one, the wny in which men 
should walk. 

It was left for a ])uj)il of his to seixi^ t hat which he Innl just 
failed to lay hold of, to weld together, as he was passing away, 
into one sustained and convincing argument, the several links 
which he and the rest had furnished, and nine years after his 
death to make kmavn to the world that true view of the 
circulation which was the real beginning of modei'ii physiology. 

i need not take up titne by entering largely into the details 
of the oft-told story of William ILirvey s life. 

Born at Folkestone, on the south coast of England, in A|)ril, 
1578, just four years after Fabrieius had published his treatise 
on the valves of ifhe veins, adniitted to (Jonvillo and Caius 
College, Cambridge, in 159Jb taking his <legree in Arts in 
1597, he loft England the following year to study medicine 
under the great master at Parlua. There ho spent the greater 
part of four years, yeai*s very nearly overlapping the period 
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between the writing and tlie publication of Fabricius’s treatise 
on Respiration, of wliich I have just spoken as being, in great 
measure, an exposition of the Galenic doctrine of the circulation. 
At the end of the period, in 1()02, he received at Padua the 
degree of Doctor of M(Hlicine, and on his return to England 
in the same }'ear was incorporatc^d into the Doc^torate at 
Cambjidge. 

Setting up his abod(‘ in London, joining the Ibwal College of 
Physicians in l()04, and becoming Physician to St Par tholoi new’s 
Hospital in ](5i)l), lu^ ventured in Idlo to develope, in his 
Lectuns on Anatomy at tiu' (Jolk^ge of Physicians, the view 
which lie was forming concejning tlie movements of the heart 
and of the blood. lint his book, liis Kxercitatioy on that 
subject did not see the light until 1028. 

‘The little clioleric man ’ as Aubrey calls him, attained fame 
among his fellows, and favour at ( ’oiirt. As Physician to King 
CharU>s I. he accompanied that Monarch on his unhappy 
wanderijigs, and <‘vei*y one knows the tale or legoTul of how at 
the battles of Edgehill, taking* care of tlie Princes he sat, on the 
outskirts of the fight under a hedge, leading a hook. In 1040, 
after the events at Oxford, he retirt?d into private life, pub- 
lishing in lOol his treatise, J)e generttiione (imntaliiini, in 
which he followed up some of tlie researches of his Paduan 
niMSter, and on June .'h 1007, 1 k‘ ended a life remarkable for 
its effects rather than for its events. 

It is a fa.shiori to speak of Harvey as ‘ the immortal Dis- 
coverer of the ( ’ircidation ;/ but the real (diaracter of his work 
is put ill a truer light when w'e say tliat he was the first to 
demonstrate the ciiculation of the blood. His wonderful book, 
or rathiu* tract, for it is little more, is one sustained ’and 
condensed argmmmt, but an argument foumietl not on general 
principles and analogies but ou the results of repeated ‘ fre(}uent 
appeals to vivisection ’ and ocular inspection. He makes good 
one position, and having done that advances^m to another, and 
so marches victoriously from position to position until the whole 
truth is put clearly before the reader, and all that remains is to 
drive the truth home by further striking illustrations. 

His iirst position is the true nature and purpose of the 
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movements of the heart itself, that is of the ventricles. When, 
in tile hoginning of the in(T[niry, he ‘first gave his mind to 
vivisections' he found the task of understanding the ‘ motions 
and uses of the lieart so truly arduous, so full of difficulties ’ 
that h(‘. began to think with Fi-acastorius (a Veronese doctoi- 
of tlui middle ot the sixteenth century (looO) and more a poet 
than a man of science), “ that the motion of the heart was only 
to be comprehended by (4od.’’ But the j>atient and pi*olonged 
stud}' of many hearts of many animals shewed him that tin* 
motion of the heart consists in a certain universal tension, both 
of contraction in the line of its fibres, and constriction in tn-my 
sen.st*, that when the heart contracts it is emptied, that the 
motion whi(rh is in general regarded as tin* diastole of the heart 
is iif truth its systoh*,” that tlie active phase of the heart is not 
that whi(?h sucks blood iu, but tliat Avln'cli drives blood out. 
Ca)sal[)inus aloru*, as we have seen, of all Hai-vey’s fia-eriinners 
had in some way or othei* dimly seen this tiuth. iiarvey saw 
it clearly and saw it in all its coiiseciuonccjs. It is, he says, the 
pressure* of the constriction, of the .systole, wliicli squet^zes the 
blood into and along th(5 arteries, it is this transmitted [)ressure 
which causes the pulses; the artery swells at this point or 
that along its course, not iu ordei* that it may suck blood into 
it, but because bh)od is driven into it, ami that by the pressure 
of tlie constricting systole of the heart. 

With this \\v\\ light shining in upon him, he was led to 
a clear conception of the work of the aurichis and tln^ ventricl<*s, 
with their resjioctiva* valves. He saw how the vena cava, 
on the one side, and the vein-lik<3 artery, the pulmonary veins 
on the other side, empty theinst*lves into and fill the ventricles 
durkig the diastole, and how the ventricles in turn empty 
themselv(*s during the systole, into the artery-like vein, the 
pulmonary artery <ai the one side and the great artery or 
aorta on the othei*. And thi.s at omte led him to a truer 
conception of th** pulmonary circulation tlian was ever 
gras[)ed by Servetus or C^oliimbiis. On the old view, only .soaie 
of the blood of the right ventricle passed through the septum 
into the left ventricle: the rest went back again to the tissues; 
and it was tliis 'some' only which Servetus and Columbus 
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believed to pass through not the septum but the lungs. Harvey 
saw that all tht‘ reasons for thinking that any of the eontonts 
of the ventricle so passed, were ecjiuilly ^'ali<l fow thinking tlmt 
all passed, aiul that the latttu- view alone was consonant with 
the facts. 

This now view, new in reality, though having so much 
resemblance* t<* old ones tliat Harvey speaks of it as one “ to 
“ which scune, movc‘d either by the* authority of Galen or 
“Columbus or tiie reasonings of others will give their ad- 
“hesion,’’ led him at once to another conception which however 
“ was so new, was ol' so novel and unheard of a character* that 
“ in })utting it forward he not oidy feared injuiy to himself from 
“the? cuivy of a few, but tromblcMl lest he* might have mankind 
“at large for his <*nemi(*s.'’ This muv view consisted simply in 
applying to the gi*eater circulation the same eouelusions as 
those at which In* liad arrived in rc\gard to the lesser circuhition. 

Jt is important to Jiote that to this new view he was giiid<?d 
by distinct.ly ( juantitative considerations. He argued in this way. 
At each l)eat of the heart a ipnintity of blood is transferred 
from the vena cava to the aorta. Evem if w^e lakcj a Icav 
estimate (he had niado observations with a view to (l(jt(Tmining 
the exact amount but he leavi's this aside for tin* prc*sent as 
unessential ), say half an ounce, or tlu'c^e drachms, or only one 
drachm, and mnltijily this by the number of beats, say in half- 
an-hour, wo shall tin<l that the heart sends through the arteries 
to the tissues during that |)ei i«>d as much blood as is contained 
in the whoh^ body. It is oVndous, therefore, that the blood 
which tin* heai t sc*inls along thc^ arteries to the tissue's cannot 
l>e supplied merely by tliat blood which exists in the vc.*ius as 
the re.sult of the ingesta. of food and drink; only a small 'part 
('an be so accounted for: the greater part of that blood must be 
blood which lias returned from the tissues to the veins ; the 
blooil in the tissues passes from the arteries to tlu^ veins, in 
some* such way as in the lungs it passes fronvthe veins (through 
the lu‘art) to the artcu'io.s : the* blotid moves in a circle irom the 
left side of the heart, through the arteries, the tissues and the 
V eius to the right side of the heart, and from thence tlirough 
tluj lungs to the. left side of the heart. 
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This is what he says : 

“ I ft*e(|uoritly and seriously bethought luo, and long revolved 
“ in my mind, what might be the (jiuiiitity of blood which was 
“ traiLS!nitted, in how short a time its passage might be effected, 
“ and the like ; and not finding it possible that this eoidd be 
‘■.supplied by the juices of the ingested aliment without the 
“ veins on the one hand becoming drained, and the arteries on 
“ tile oth(u* hand becoming ruptured through the excessive 
“charge of blood, unless the blood sliould somehow find its way 
“from the arterie.s into the veins, and so return to tlio right 
“side of the h(‘art ; I began to think whether thiav might not 
“be a motion y as it 'ivere,in a circle. Now this 1 aftei’wards 
“ found to be true ; and I finall}'^ saw that the blood, forced by 
“ the action of the left ventri<‘Je into th(‘ arteries, was dis- 
tributod to the body at large', and its .sevmal parts, in the 
“same manner as it is sent through the lungs, impelled by the 
“right veutrich^ into the pulmonary artery, and that it then 
“ passc'd through the veins and along the vena cava, and so 
“round to the hd't ventricle in the manner alreadj indicated, 
“ which motion we may be allowed to <^‘ill circular.'*’ 

As the sun of this truly m'widea rose in llarve^^s mind, this 
new idea that the blood is thus for ever moving in a circle, tin* 
mists and clouds of many of tlu^ conceptions of old faded away 
and the. features of the fihysiological laiidscajie hithei to hidden 
came into view .shar[) and clear. This idea once gi*asj)ed, fact 
after fact came forward to support and enforce it. It was now 
clear why the heart, was emptied when the vema cava was tied, 
why it was fiIIo<l to distension when tlie aorta was tied. It was 
now clear why a middling ligature which pressed only or chiefly 
on the veins made a limb swdi turgid with blood, whereas a tight 
ligature which blocked the artmies made it bloodless and pale. 
It was now clear why the whole or nearly the whole of the 
blood of the body could be drained away by an opening made 
in a single vein. And now for the first time was clear the 
purpose of those valves in the veins, whose structure and 
position had been demonstrated doubtless to Harvey, by the 
very hands of their discoverer, his old master Fabi’icius, but 
“who did not rightly understand their use, and concerning 
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Avhich succuediiig aiiatoiiiists have not arldod anything to our 
knowledge?.’' 

Fabi*ieius, as wo have seeui, had used tlio ,nuw well-worn 
experiment of pressing on tlie cutaneous veins of the bared 
arm to denumstrate tlie existence of the valves; biif. he 
had used it to demonstrate their existence only. Blinded 
by the eoneeptions oi‘ his time he could not see that the 
sanu» oxjKuiment ga,ve the lie to his explanation of the pur- 
pose of the valves, and demonstrated not only their existeiice, 
but also their; rc‘al use. Harvey, with the light of hi.s new idea, 
at once giasped the trvu' im^aning of the knotty bulgings. 

These lujwever were not the only phenomena which now for 
the first time received a i-easonabh; explanation. Harvey was able 
to point to many otli(‘r things, to various details of the structure 
and working of the heart, to various ])henomcna of the body 
at large both in health and in disc^jise as intelligible on his 
now A’iow, but incompreherrsible on any other. 

If we trust, as indeed wa? must do, Harvey’s own account of 
tlu? growdJi of this new irksi in his owm mind, we find that he 
was not led to it in a sti'aight and direct way by Fabricius’ 
discovery of the valv'es. It w^as not tbat llu', true action of 
these led to the trm‘ view" of the motion of the blood, but that 
the true view^ of the motion <d* the blood led to the true 
uudei*staudiiig of their use. T<> that true view of the motion 
of blood h(.‘ w’iis 1<‘<1 by a s(‘ries of ste.jis, each in turn bas(‘d on 
observation.s made on the heart as seen in the living aniuifil, oi* 
as h(^ himself says ‘repeated vivisections,’ the great step of all 
being that on<‘ by which he satisfied himself that the cpiantity 
of blood driven out from the heart could not be supplicfl in any 
other way than by a return of the blood from the arterial 
<‘ndings in the body through the veins. As he himself says : 
“Since* all things, both argument and ocular demonstration, 
“shew that the. blood jiasses through the lungs and hca.i‘t by 
“ the action of I he ventricles, and is sent for. <listribution to all 
“ parts r)f the body, w hiTe it makes its w^ay into the veins and 
“ pores of the flesh, and flow^s by tlie veins from the circum- 
“ ference on every side to the centre, from the lesser to the 
“greater veins, and is by them finally discharged into the vena 
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“ cava and right auricle of the heart, and this in such a (juantity 
‘‘or in saich a flux and reflux thither by the arteries, hither by 
“ the veins, as cannot iiossibly be snp|>lie(l by the ingesta, and 
“ is much greater than can be re(|un'ed for mere purposes of 
“ nutrition ; it is absolutely necessary to conclude that the 
“ blood in the animal’s body is impelled in a cii-cle, and is in a 
“state of ceaseless motion; that this is the act or function 
“which the heart performs by means of its jnilse ; and that it 
“ is the sole and only end of th<^ motion and contraction of the 
“ heart.” 

Harvey's aigument is essentially a. physical nu^chanical 
argument; the problem which he puts before himself to solve 
is essentially a mechiinical physical problem ; the solution of that 
problem at whic'h he arrived is essentially a. iiiechanical solution 
of th(i phenomena of the circulation. As we have semi, in the 
minds of those bedbre him the mechanical problems of the 
circulation wore mixed up with (questions about the distribiitiou 
of the various kinds of spirits, the natural, vital and aninial 
spirits. With these questions Harvey does jiot deal at all. Tn 
an C‘arly passage he says, “ Whether or not the heart, besides 
“propelling the blood giving it motion locally and distributing 
“it to the body, adds anything else* to it — hi‘at, spirit, per- 
“ fection, — must bo inquired into by and by, and decided u])on 
“other grounds.” And never again, throughout the whole of 
his argument, does he refer to the questions of* the spii*its. 

Yet his demonstration was the death-blow to the docti'ine 
of the ‘spirits.’ The naimis it is true survived for long after- 
wards, but the names were hencefoiavard devoid of any really 
essential meariiug. For the view^ of the natui-al and vital 
spirits was based on the supposed doid)le supply of blood to all 
the tissues of the body, the supply by tin; V(;ius carrying natural 
spirits and the sujiply by the arterial carrying vital spirits, 
'^rhe essential feature; of Harvey s new view was that the bkxjd 
through the body was tin; same blood, coursing again and again 
through the body, passing from arteries to veins in the tissues, 
and from veins to arteries through the lungs, heart, suffering 
changes in the substance and jiores of the tissues, changes 
in the substance and pores of the lungs. 
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The new theory of the circulation inadt? for the first time 
possible ti ne conceptions of the nutrition of the body, it cleared 
the way for the chemical appreciation of tlie uses of blood, it 
aftbrd(xl a basis which had not existed before for an under- 
staiKlin^- of how the life of any f)ai t, its continued existence 
and its power to do what it has to do in the body, is carried 
on by the help of tlie blood. And in this ])erhaps, more than 
its being a true t^xplanation ol‘ tin? special problem of the lieart 
and tlie blood vessels, lies its vast iinportanee. * 

We shall see presently how the new way thus opened up 
by Harvey was followed with brilliajit success, on the one hand 
in England, and on the other hand in Italy. Meanwhile it 
may bo well to turn asidtj to tell in a brief way the story of 
a special Imt yet impoitant addition to our knowledge of the 
blood system, wliich was being made at the very time that 
Ifarvo}' was meditating over and developing his views. 

1'hat the lood whieJi disappiNirs from the alimentary canal, 
during its passage along it, becomes in some way or other 
blood, was a view whicdi took origin hi tlie early days of 
mankind so soon as man began to consider what took place 
within his frame. It was part of the (Jalenic doctrine that 
tin* food thus utilized for the body, was taken up from the 
alimentary canal by the vena ])orta, and carried to the liver 
there to be enriched with the natural spirits and so concocted 
into the blood which passed on to the heart. 

Galen himself (j notes Erasistratiis as having seen that, in 
young kids whicli luul lately sucked, the arteries in the 
mesentery contained milk, and indeed had observfMl the same 
thing himself. Eustachius too, the anatomist of Rome, who 
flourished between Vesalius arid Fabricius, whose name, and 
labours are pres(?rved among us by the Eu.stachian tube and 
Eustachian valve, saw apparently what we now call the thoracic 
duct. Nevertheless it may be said that up to the early yeai's 
of the seventeenth century, anatomists were aware of one set 
of vessels only, the blood vessels, arterial or venous. 

In the yejir 1G22 Caspar Aselli of Cremona, Professor of 
Anatomy at Pavia, discovered the lactcals; and this is how 
lie relates his discovery : 



49 


ii] Circulation of the Blood. 

"'On the 23rd of July of that year (1622) I had taken a 
“dog irr good condition and well fed, for a vivisection at the 
“ request of sojne of my friends, who very much wished to see 
“ the recurrent nerves. When I had finished this dcrnonstra- 
“ tion of the nerves, it seemed good to watch the movements 
“ of the dia])hi’agm in the same dog, at the s.ame opi?ration. 
“ While I was attempting this, and for that purpose liad 
opened the abdomen and was pulling down with my hand 
“the intestines and stomach gathered together into a mass,. 
“ I suddenly beheld a great number of cords as it were, 
“ exceedingly thin and beautifully white, scattered over the 
“ whole of the mesentery and the intestine, and stai-ting from 
“almost innumerable beginnings. At first I did not delay, 
“ thinking them to be nerves. But presently I saw that T was 
“ mistaken in this since I noticed that the nerves belonging to 
“the intestine wore distinct from these cords, and wholly 
“ unlike them, and, besides, were distributed quite sep.aratcly 
“ from tliern. Wherefore struck by the novelty of the thing, 
“I stood for some time silent while there came into my mind 
“the various disputes, rich in personal quarrels no loss than in 
“ words, taking place among anatomists concerning the mesaraic 
“veins and their function. And by chance it happened that a 
“ few days before I had looked into a little book by Johannes 
“ Oostaeus wi-itten about this very matter. When I gathered 
“ my wits togethm* for th(? sake of the experiment, having laid 
“ Ijohl of a very sharp scalpel, I pricked one of those cords and 
“ indeed one of the largest of them. I had hardly touched it, 
“ when I saw a white liquid like milk or cream forthwith gush out. 
“Seeing this, I could hardly restrain my delight, and turning 
“to those who were standing by, to Alexander Tadinus, and 
“ rnoi e particularly to Senator Septalius, who was both a member 
“ of the great College of the Order of Physicians and, while I am , 
“ writing this, the Medical ofHccr of Health, ‘Eureka’ I exclaimed 
“ with Archimedes, and at the same time invited tluun to the 
“ interesting spectacle of such an unusual phenomenon. And 
“ they indeed were much striKjk with the novelty of the thing.” 

Asclli <letected the presence of valve.s in these vessels and 
recognised that they hindered the backward flow. He saw 
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clearly indeed that his newly disoovc^red vessels wtire cliaiinels 
for conveying the chyle, the olalxnatcd contents of the in- 
testine, away from the intestine; but inllinnjced doubtless by 
the ac(?epted view that all the absorbed food must be cariied to 
the live]* to bo there elal)oratod into blood, he went wrong as 
to the ultimate coursii taken by these vessels; ho could trace 
them he thought into the liver. It may here be m>ted in 
passing that Asc'lli in his treatist^ speaks of and indecul figures 
the cluster of lymphatic glands lying in the mesentery as * the 
pancj'eas’; and this cluster of glands was afterwards often 
spoken of as ‘ tlui jjancreas of Asidli/ 

Aselli’s discovery by itself was not ptu'haps of capital 
importantxi ; utrI imleed foi* a ijnarttn* of a ceiitnry it rmnained 
an is<»laU*d a? id barren bit of knowledge*. After that interval, 
however, Jean Pccqu(‘t, a Frentdi jJiysiciari who practised first 
in J)i(‘|)pe and snbscajuontly in Paris, in his Ea'perirn.enta 
vova ((hatf}nnoa, pnblislied in Paris in I bo], madc^ known 
a fVii-thcr discovery, one which ho says hc^ had come n])on yeai's 
before whih* studying at Mont[)tdlier, tln^ discovery of the 
i*ecej)t;acle of the chyle aixl its contimiation as the thorata’c 
duct. P(Hxinet not only acicuratoly describes these structures, 
but siiews that on the one hand Aselli’s lacteals pour tlioir 
contents into the recc}>tacle, and that on the other the thoracic 
duct, the contiruiation of the receptacle, pours its contents into 
the venous system at the junction of thci jugular and sub- 
clavian veins. In the following y(;ar, J ()52, \^in Horn made 
known the same discovery, which he apj^ears to have arrived at 
quite iii(h‘peiidently of Pec<]uet. 

By this <liscovery ol tin? thoracic; duct and its entrance into 
the veins, a wholly now aspect was given to Aselli’s original 
observation. The mere existence^ of special vc'ssels such as the 
JacU^als in tin; mesentery was quite consistent with, indeed 
supported, the old views of the circulation. Pecquet’s observa- 
tion was wholly inconsistent with thorn; but between Aselli 
and Pecquet, Harvey’s book bad appeared ; and it may be 
taken as a proof of how profoundly Harvey’s arguments had 
in so short a time influenced men’s minds, that Pecquet’s 
ob^u vatious, which if put forward thirty years before would 
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have rejected as impossible, were now accepttHi without 

mis^ivMigs. Iiidcod they afforded no little support to the new 
theoi-y <if‘ the circnlatinn. 

Further support was supplied almost at the saint* tinu; ])y 
tlie publication in Kiori of the Nov.a (ixercitatui (indfonncd of 
Olaus lliidbtM'k, Proft'ssor of Auattmi}" and also of l)i>tany in 
th(i LJniversity of IJjisala (after whom is named the genus 
Rudbeckia). Tn this treatise RutlbtH-k tleseribed iintUa* the 
name of vasti serosa or aquosa, or ducitis serosi, (tquiisi, vessels 
like th(‘ hicteals in structure, but eoniaining not iniik, oi- chyle, 
but a (*](‘ar watery li(|uid, vessids which w«* now call I vm])hatics. 
He saw them first in tiu; liver and iiitestin(‘s anti traced them 
to tin? t-hoiacic duct, of whose existtmee, he says, he became 
awi^re in IboO before the publication of IY‘C(pU‘t’s book, Wc 
learn from (llisson that one Joiive, an Knglishman, in taking 
his Doctors degi-eci at Cambridge in l()r)2, pi'csented in his 
thesis an account of thest*. samci lymphatics, and by sonuj 
authors priority in the matter is thereby claime<l jbr him. 

Within a few years tlnm of the ])ul)lication of Harvey’s 
book, anatomists IxM^ame aware of a new s(.d of vessids, of who.se 
existence no one belbrc*. had dreamcHl, vessels ni‘ither arteries 
nor veins, vessels containing not blood l)ui. eithei* a milky or a 
clear lim[)id ttiiid, and caiTving their contents not to but away 
from the tissues, carrying them moreover not to that great 
organ the liver, which in the old viiiw^ was tln^ chief seat of all 
concoction, but directly into the venous blood stream an<l so 
to the heart, from tlnaua? to bo distributed all ovtu' the body. 
That such a conception almost at once found gen(*i’a.l accept- 
ance is, as w(‘ have just said, a striking proof of liow raj:)idly 
and profound I}" Haivtw’s wTuk had influenced the views of 
physiologists. 

When Aselli first discovered his lact(?als he very naburallj^ 
concluded that all the chyle, the whole of the nutritive and 
absorbable eontmits of the alimentary c*anal, found its way into 
the system through them. If; is interesting to note that Harvey 
hesitated to acce]»t this conclusion. In a letter to Morison 
at Paris written in April 1G52, a year after the publication of 
Pecquet’s treatise, he says. 
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With regard to the lacteal veins discovered by Aselli, and 
by the further diligence of Pecquet, who discovered the 
^‘receptacle or reservoir of the chyle, and traced the canals 
** thence to the subclavian veins, 1 shall tell you freely, since 
“you ask me what I think of them. I had already in the 
“course of my dissections, I venture to say even before Aselli 

“had published his book, observed these white canals, But 

“ for various reasons, and led by several experiments, I could 
“never be brought to believe that that milky fluid was chyle 
“conducted hither from the intestines, and distributed to all 
“ parts of the body for their nourishment ; but that it was 
“ rather met with occasionally and by accident, and proceeded 
“from too ample a supply of nourishment and a peculiar vigour 
“ of concoctiorr'* 

And he goes on to argue against the probability of all the 
material solid and liquifl absorbed from the alimentary canal, 
taking this path of the laoteals only. “ Why indeed should wc 
“not as well believe that the chyle (digested contents of the 
“ intestine) enters th(5 mouth of th(^ mesontiunc veins and in 
“ this way becomes immediately mingled with the blood where 

“it might receive digestion and perfection And that the 

“thing is so in lact, 1 find an argunuait in the distribution of 
“innumerable arteries and veins to the intestines, more than to 
“ any other p«art of the body, in the same way as the uterus 
“abounds with blood vessels during the period of pregnancy.’' 

With Harvey’s demonstration of the circulation of the blood, 
supplemented as it was with tin? discovery of the lymphatics, 
physiology was almost suddenly trnnsformed. Hnrvoy’s work 
had a double eflbct. Iti the first place it rendered possible an 
exact inquiry into the prop{*rties and functions of the organ.'? and 
tissues of tin* body. So long as the blood in the arteries and in 
^the veins wore looked upon as two different kinds of waves as it 
were, breaking upon and ebbing from the tissues, the one carry- 
ing vitid, and the other natural spirits, there seeme.d to bo no 
opening for any attempts to explain the phenomena exhibited 
by this or that part, this or that organ oj- tissue on physical or 
mechanical principles ; everything was wrapped up in the 
mystery of the spirits. So soon however as it was recognized 
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that the blood which was carried to a part along the arteries 
came back away from the part along tlio veins, the .same blood, 
altered it might be in the transit but still the same blood, 
such attempts became at once possible. The spirits became at 
once mere (pialities of the blood, th(*ir names might bo retained, 
but the virtue had gone out of tlio names; the names Avere no 
longer a hindrance to exact inquiry as to what took ])lace in an 
oi^^-in wluiu it (‘iitenMl into a jihase of activity and how that 
activity was influenced by or influenced the blood. 

In the second place Harve 3 "*s work was a shining example 
for all future iinpiirers. I'lie patient examination of anatomical 
features, if possible a eompai ison of those features in tlio same 
organ or part in more animals than one, the laying hold of some 
explanation of th(i purpose of those features suggested by the 
features themselves, and the devising of experiments, by vivi- 
section or otheu’wise, which should tost the validity of that 
explanation, that was Harve^^’s thret.dohl method. It had it is 
true been folloAved before, by Vesalius and succeeding anatomists, 
and indeed in a measure hy (lalen himself; but these had for 
the most part been content with the explanation suggested by 
structure, and had rarely used tlie t(‘st of experiment, though 
as we have S('on Vt.'sjdius at least saw its value. It was 
Harvey’s great meiit to have ‘boldl}" used the experimental 
method, to have set a lesson, to the zealous f()llow'ing of which 
the progress of physiology after him has been largely due. 

All great men have their detractors; and Harvey has becui 
no exception. Many \vritei‘s have attempted to claim for others 
than him the credit of his groat work. To Servetus, Rcaldiis 
Columbus and Ca^salpinus and to others has been attributed in 
turn the meiit of the discovery of circulation. I trust I have 
been able to put in a clear light what were the several con- 
tributions to the ])rogress of knowledge of the above three mciT, 
and how wholly they fell short of Harvey. I need not tarry to 
speak of Carlo Rifini of Bologna, who, though no {)rofessor, 
wrote in 1 .59.S a very admirable book on the Anatomy of the 
Horse, in which he .shewed tliat he had grasped, in a striking 
manner, the actions of the valves of the heart. One name 
however needs to be dealt with, that of Petrus Paulas Sarpi, 
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the brilliant Venetian, theologian, philosopher, and martyr. 
Sarpi studied anatomy as indei'd he studied all the scieuccs of 
his time, and he studied it under Fabricius. Now, one Thomas 
Cornelius Consentinus is tlie author of the story that Sarpi, 
while he was studjdng at Padua arrived at conclusions con- 
cerning the circulation of the blood identical wdtli those of 
Harvey, conclusions developed in a manusciij>t found among 
his pa})ers after his dc^ath. The story goes on to say that Sai^pi 
had !nade known his conclusions to his master Fal)ricius, who 
did not himself think much of them, but told his pupil Harvey 
about them ; and Harve}^ home to England published 

them as his own. 

But Eiit in his Apologia gives a very difhaent ver'^ion. 
He says that the Venetian IjCgato returning from London to 
Venice caiTi(*d with I urn a copy of Harvey’s book, which had 
just appeared. This copy he lent to Sa.rj)i, and t.hc^ latter was 
so struck wiuh tl»e new views tliat lie tratiscribed for his own 
use v<jry much of the lent book. It was this transcription of 
Harvey whi(?h Sarpi’s heirs found among Ins papers after his 
death. 

All sufjh atKunpts to take away from Harvey what is his 
due are vain and nseless efforts. The greatness of all gi*eat 
men is partly built on the woi th of those who liave gone before. 
In S(neJice no man’s results are wholly his own, like oth(?r living 
things they come from something which lived befoio. Vesaliiis, 
Servetus, Fabricius and the rest led up to Harvey ; but they 
were not Hai vey. Me was himself, and liis greatness is in no 
wise lessened by its having c<»nie through tlnan. 



LECTURE III. 

BORELLl AND THE INFLUENCE OF THE 
NEW PJIY8TOI^. 


Harvey’s nuithod of inquiry was that wfiich may In; oalle<l 
tho3 purely or strictly physiological method. Observing* care- 
fully the phenomena of the living body, he sought in tlie first 
place, in the arrangements of the structures concerned in the 
facts of anatomy, for suggestions as to how the phctioinona 
might be ex])laiued. It is this aspect of his method which 
biings into striking light the value of the work of V^esalius nrul 
of tlu3 sc.hool of Vc'salius as t.he neci‘ssary pn:paratiou for 
Harvc*y's labours. W^salius 0|)c*ned up the way for physi<»- 
logical in(|uiry by his exact anatomical labours, but as we have 
seen left the physiological plough almost as soon as he had juit 
his htUid to it. And his .successors did littl<3 more than widen 
the way wliich he had opened up. Harvey was the first who 
followed up the anatomical patli till it led tt) a great physio- 
logical truth. 

Having made sure of the anatomical facts and having grasped 
the suggestions which the.se offered, he proceeded at once to test 
those suggestions by (ixperiments on living ajiirnals. It was aj 
ho liims(‘lf has .said through many vivisections that he was led 
to truth. ^ 

He made no appeal to any knowledge or to any coiuicptions 
outside the fiicts of anatomy and the results of experiments. 
Thougli few at that time could speak of the processes of living 
bodies withoiit bringing in the actions of spirits, natural, vital, 
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or animal, over seeking to explain those processes by what the 
spirits oftectocl, Harvey left these spirits entirely on one side: 
as we have seen, in one passage only in his book does he refer 
to them, and then simply to dismiss them as irrelevant. On 
the other hand he in like inaniun' made no appeal, as the so- 
called philosophers of his time and of times before had done, to 
the gcjnmal properti(is of matter, to the phenomena presented 
by all things, whether living or not living. There is no 
attempt in his book to solve the problems of the living body 
by an appeal to what we now call physical and chemical laws. 
His work, as I have said, is purely and strictly physiological. 

Anil indeed when Harvey began his studies there was no 
exact science of physics or of chemistry to which he could 
appeal. There was plenty of philosophising about nature, and as 
we shall see, the foundations of chemistry wore being laid; but 
there was no sound body of truth, which he could call in to his 
help. In one respect the science of living things was at this 
epoch ahead of that of things not alive, for the latter had no 
such solid basis as w^as already supplied to the former by 
anatomy. 

During Harvey’s lifetime however, even while ho was 
labouring at his great work, an important change in this 
respect was taking place. During the early part of the seven- 
teenth century the science of phy.sics sprang into being, and a 
little later on rational chemistry began to emerge from a 
mystic alchemy. No sooner had tliese two sciences come to 
the front, than they wore pres.sed sometinies wisely, sometiinos 
unwisely into the science of physiology, sometimes wisely, to 
the groat profit of phy.siology as an iiidepeiident science, some- 
times unwisely, whereby the school of physiology proper, the 
school of Vesalius and Harvey, was split up into the school of 
•those who proposed to explain all the phenomena of the body 
and to cure all its ills on physical and mathematical principles, 
the iatro-mathematical or iatro -physical si^hool, and into the 
school of those who proposed to explain all the same phenomena 
as mere ehemical events, the iatro-chcmical school. 

When Harvey reached Padua in 1598, and conversed as he 
doubtless did with members of the University other than those 
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• 

who were studying, like himself, anatomy and medicine, he 
must have hear<l much of the man who had come to Padua 
from Pisa sonK^ six years before, and wlio making use and at 
the same time further developing a new method ^^f thouglit 
and a uew means of in([uiry, whicli under the name of mathe- 
matics had been making great ])rogivss in the. latt^ei- half of tlu? 
preceding century, was bringing iovih astounding new things, 
not only about the sun and the stars, but also abi)iit the 
working of machines and the fundamental properties <jf matter. 
For Galileo Galilei had in 1502 left his native city Pisa, where 
he had alri*ady made s<»me of his immortal discoveri(‘s, to 
become Professor at Padua, whore till IGIO be fiuitfully 
laboui ed, as yet unharassed, ibr the blood-hounds of the Church 
had ^U)t caught scent of the lieresies of his tea(‘hings. 

It is not for me here to dwell on Galileo's labours in 
physicid science; l)ut it is important, in the history of physio- 
logy, to remember that through his and his fidlow labourers' 
inquiries, the science of physics made at this epoch a great 
bound forward, ^flie inHuencci of that ])rogress madtj itself 
almost immediati'ly f(dt in the science of living things. 

Before I go on however to speak of the definite new 
contributions to [)hysiology which may be regarded as the 
more or less direct outcome of- the new school of exact and 
mathematical physical science, I must as it were turn aside to 
speak of one who without making so much as one .single 
physiological discovery wrote a treatise on and expounded a 
complete system of physiology. This however In^ wrote not for 
the purpose of advancing- physiology in ])articular, but as a 
contribution to a genei’al system of philosophy; and though by 
it physiology gained no immediate new results, indeed much of 
the teaching contained in it was retrograde, yet the general 
ideas which inspired it influenct^d physiological thinkers eveu 
of his own time, and still more those of the times which 
followed. (« 

Kene Descartes, born near Tours in 1590, and dying at 
Stockholm in 1050, makes a great figure in tlie history of 
human thought. He was a great mathematician ; he may be 
said to have invented analytical geometry. He was an accom- 
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plishod physicist; his theory of the Universe (Zt# Monde, 16(54) 
iiidueuced moil’s opinions about nature for many a y(jar. Above 
all he was a philosojilier. His Discours de laMethode, H)S7, 
made an epoch. But he was neither an anatomist nor a 
Ph ysiologist ; lui studi(‘d both anatomy and physiology, but not 
as an inquirer. He approached these matters as an amateur, 
but as an amateur having a sjieeial purpose, as one desirous to 
construct out of the current knowledgi* of the time a physio- 
logical basis tor Ids )>l)ilosophicaI views. 

It wa.s part of Ids philosophy to slnuv tliat man corrsisted of 
an earthly machine (machine de terre) iiiliabited and governed 
by a rational soul (dme raison nahle) ; and under the title of 
‘Man/ JJllonune {De I/omine Liber, 1662), he wrote a treatise 
of physiology, not. as I have said, as a contribution to physio- 
logical knowledge, but as a popular exposition of the features 
of tlu‘ eaithly machiiu^ in illusi, ration of its relations to the 
rational soul. The work thus stands out as tlu? first Text-B(.»ok 
of Physiology, writt.en after tin* rnodei'n fashion, thougi) in a 
popular way. We may p(‘rhaps sptjak of him as the llerb(‘rt 
Spencer of the* age in so far that liis treatise on man bore 
somewhat tlu^ sam(‘ relation to tlie ])hysiologiea.l im|uiries of 
the time as the Piinciples of Biology do to the biological 
researches of tlie present day. 

But l)<*s(\artes had much more distinctly in view than had 
S})c‘ncer tlie olqect of pojiular exposition, ami he had (‘specially 
in vi(,*w the exposition of the mode of act ion of the soul. Tlius 
though h(‘ begins witli t he lK*giunirig. nauu^ly with the ingestion 
of food, he hurries (jV(*r digestion and also oV(*]' tin* circidation. 
He was acMjuainted wil.li Harvey’s work, but he had not been 
convinced by Harveys argumi‘nts; lie was not familiar enough 
with the details of physiological inquiry to feel the full force 
of Harvey’s reasoniiig.s. He admitted Harvey’s great and new 
conclusion, the greater circulation, the passage of lilood from the 
arteries to the veins, but he would not adiidt wliat Harvey 
insisted, and truly insisted upon as the keystone of his whole 
argument, the propulsion of tlie blood by the systole, by the 
contraction of the heart. He clung in the main to the old 
doctrines. This is what he says: 
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After speakiijg of the formation of blood in the liver out of 
the chyle of the food, hc' goes on thus, 

''Now this Mood has one obvious passage only by which it 
"can get out, namely that one which carries it into the right 
"cavity of the heart: and you must know that the tissues of the 
" heart contains in its pores oiic of those tires without light 
" of which I spoke above, which makes it so hot, so ardent that 
“ ny .sf)onei‘ does the blood enter into one or otlier of the two 
"chambers or cavities whitdi are in tlie henrt, than it imme- 
" diately expands and dilates, just as you would find the blood 
"or the milk of an animal would do if you wurr to pour it drop 
" by <lrop into a vessel wliich was very In^t. And the lire 
“ which exists in the h<Nart of the machine w'hich 1 am de- 
" scribing servajsam othei' purpose than that of ex]janding, heating 
" and as it were subtilizing tlu' blood which falls continually diop 
"by dr»)|). through the channel of th(‘ vmia cava into tin* cavity 
"of its right side, whence it is e.xhaled into iJie lung, and from 
"the vein of thoi lung, which the anatomists call the veiii-liko 
"artery, into tin* eavity of the other sidt*, whenct* it is distri- 
"buted over the wln)le body. 

"The tissue of the lung is so delicate and soft and always 
" kept so fresh by tin* air hreatlied that so soon as the vapours 
"of the blood which pass out from the right cavity of the 
" heai-t enl(*r into the artery which the anatomists call the 
" art<*ry-lik(^ vein, they an* condensed and coiiv(‘rt(*il miCi* more 
“into blood, and lh(*?i fall dri>p by tlrop into the loft (\*ivity of 
"the heart, wdiere if they entered without being condense<l 
" aiK^w th(*.v wa)ul<l not hv ade<juate to nonrisli the firi! which 
" exists there. 

^ ***** * 

"The pulse or l)c^ating of the arteri(.‘.s de|)ends on id(^ven 
"little membranes wdnch like so many littU* d<K>rs op(‘n and 
"close the openings of the four vessels which o|)en into t.hc*. two 
“ cavities of the hf#ai't. .For at the monn'Ut that one of the 
"beats ceases and another is ready to begin, iho little doors 
"attaclmd to the openings of tlic two arteries are firmly closed 
"while those at the openings of the tw'o veins remain open, so 
" that two drops of blood cannot help falling by these two 



60 


Borelll and the Influence | lkct. 

oiic into each cavity of the heart. These drops of 
“ blood are then rarified, and all of a sudden tilling uj) a space 
“incomparably greater than that whi(*h they c»/ccu|)ied before, 
“ press upon a.nd close those little doors which guard the 
“ entiances to the V(‘ins, preventiiig by this means nuy more 
“blood falling into the heart, and press upon and open the 
“doors of the two arteries, into which they, the dmps of blood, 
“(‘liter promptly and with iorce, thus making the heart and 
“ with it all the arteries of the body expand. l^>ut iininediately 
“afterwards this rarified blood is CMUidensed once more or 
“penetrates into other parts; and thus the he«art and arteries 
“cease to be distended, the little doors which guard the en- 
“ tranccis to the two arterms close again, and those which guard 
“the (‘ntrances to the two veins open again and give passage 
“ to two other drops of blood, which once more make the heart 
“and arteri(‘s expand, just like those which went before.” 

Such is l)i?soartes’ dogmatic exposition of tho working of 
the heart. Rejecting Harvey s new conclusions, he takes his 
stand on the old (hdenic doctrine of the innate heat of the 
heart and of the expansion of the heart by that heat. J5nt 
indeed about these things he did not care much ; his mind was 
set on the nervous system ; he was concerned with the circu- 
lation only so far as this supplied the material basis of nervous 
energy. He only sought to c^.xplain how the blood, itself 
derived from the food, gave rise to those animal spirits by means 
of which the special earthly machine, the brain witli its nerves, 
carried out the behests of the rational soul. He thus explains 
how the best jiart of th(j blood is carried to the biain I’or the 
purpose of generating the animal spirits : 

“The most agitated and vivified parts of the blood, being 
“carried to the biain by the arteries which spring from the 
“ heart in the most direct line, constitute as it were a very 
“subtle air or wind, called the animal spirits, which dilating 
“the brain fit it to receive the imprc'ssions^ of external objects 
“ and also those of tin; soul, that is to say, fit it to be the seat 
“of common sensation, of imagination, and of memory. This 
“ air or these spirits then fiow from the brain along the nerves 
“ into all the muscles, whereby they dispose the nerves to 
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‘‘serve as the organs of the external senses, and finally 
“distending the muscles give movonient to all th(‘ limbs/' 

What I have just quoted is enough to shew that l)(.'scai’tes 
was not a physiological impiiror. His method in physiology 
was not that of Harvey, not that which since Harvey’s time has 
continued to bring in a rich harvest of discovered tr\ith, not 
that of working one’s way by careful observation, and patient 
experiment or trial, out of exactly determined anatomical facts, 
up "to the real meaning of the facts. He had a special purpose in 
view, and with that in view took a freer, wider sw^iop. He had 
to shew that the new views which were making it clear in so 
surprising a way that the universe was a machine working in 
accordance with physical laws, might be applied also to man ; 
that man, that is to say the body of rnMii, might also be legarded 
as a machine working in accordance with physical laws. He 
had to shew this with the help of the knowledge of the 
time, and ho achieved this by picking out such parts of the 
anatomical discoveries of tho ago as suited his purpose, and by 
weaving thesis togetluu* with inany other statements, for which 
h(i gives no authority and which he yet treats as accredited 
truths, into a theory of tin? constitution and acrtion of the 
nervous system viewed as a mere maxdiiue. 

I shall have occasion in a later lecture^ to dwell on some of 
the details of Descartes’ theory of the working of the nervous 
system, and to shew how he utilized the doctrine of the animal 
spirits to ex))lain the plionomena of sensation and movtunent. 
For him, as we shall see, the animal spirits constituted a fluid, 
a very subtle fluid it is true, but still a Hui<l amenable to the 
physical laws governing fluids, and for him the nerves were tubes 
along which the spirits flowed in a wholly mtichanical manner. 
In his exposition he makes assumptions, such as tlu^ presence 
in the nerves of valvular arrangements, for wliich h<^ gives no 
evidence and for which he had no authority. I do not enter 
into these points now, I only wish to call attention to his work 
as an attempt to apply the now {philosophy of exact mathematics 
and physics to the interpretation of the i)henomena of living 

tigs. 

Descartes’ contemporaries stumbled, as we now stumble, at 
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tho.so ]:>arts of the basis of his views for which they co\iUl find 
no authority givtiu by arialoiniciil obscu-vation or l)y phj^iiological 
(;x}jcri!iicnt,. Jloncc liis views oij tin' nature of man fonnrl no 
places in the physiology of the day, they passed over wholly into 
philosophy so calh‘d. Ihit his main idoa, that the pi’obleins of 
man ought to be treatofl in tlm sanu’. way as the ])rbblem8 of 
the rest of natiue, madt; itself felt and pi’odnced elfecbs in aftei’ 
times. 

I (•.aniu)t d{^ l)ettei‘ than (.|Uote the words of a nnnarkAhhi 
contemjiorary of his, one of whom 1 shall soon have to sj)f'ak, 
Ni<‘oiaus Slimseji, wlui in a diseonrs«‘ delivenal in l^iris on tl)o 
anatomy of th(^ hrain thus sums up Descaj'tes’ position as a 
physiologist. 

“ l)(‘seai‘lt\s,” says lu% “ was too clever in (‘Xposing the caaors 
“of current treatises on jna,rji to be willing to undertak(.‘ the task 
“ of expounding the true structure of man. 1'h<‘n:*for(; in his 
‘essay on Man he do(‘s jmt attemjd- such a di‘liiuuitioh, but is 
“content to describe a machine capable of pcu’fonning all tlie 
“functions of which man is eaj)a])h\ Arid in this scnst‘ we t)iay 
“affirm witliout exaggeration that Descartes Invars the ])alm 
“ uvau’ all other philosophers in this matter. For he was the 
“first who dared to ex|)laiii all the fun(.*tiorts of man, and 
“es])ecially of the Imiin, in a mecharjical manner. Other 
“authors (loserilx^ man; Descartes ]>uts before us merely a 
inaidiiiie, but by means of this he V(*ry clearly ex])ose(I the 
“ignorance of olluTS who have treated of man, and opened up 
“ foj* ns a way b} whicli to investigate the u.^e of other parts of 
“the body, though it may be difiicult to do so with the same 
“clearness and fidelity with whici) In? proceeds in demonstrating 
“ tlio parts of his machine of man, a task which no man befiu’e 
“ him atb'inpted.’’ 

From this excursion into wider fields we now return to the 
'narrower one of the effects of the teaching of Galileo on the 
more special ])i-obh‘rns of physiology, and this brings us at once 
to the labours of Borelli. * 

Giovanni Alphonso Borelli was born at Naples on Jan. 28, 
1608, in tin?. Nuovo (.1181,0110, whore his father, a man of humble 
origin, though his mother was of a good family, was serving as 
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a soldier, Ot* his early days little or nothing is known, but he 
himself •tells us that he studied mathematics at Homo un<1or 
BtuuMletto Gastello. Ills gniat ability was not only at once 
obvious to his teacher but s<ion became known (o others; for 
while as y(?t a young man, probably about KJ-tO or possibly 
earlier, lie was invited to and acc.epted the chair of mathematics 
at the University of Messina, which was then making itscdf felt 
as an active seat of learniiig. Ho, like other mathematicians 
of'tlu? time, was a pupil of Galileo, in tin* sensi* that hc^ had 
learnt much froui that gnait man through his writings and 
indirectly in other ways. But he had apparmitly never listened 
to his voice, ami so earnestly <lid he d(‘sire to do se that with 
the consent and indec'd at the expense of the University he left 
Mosi^ina fora wlnle in ordei* tt> visit FlonuHaMind sec^ ( ialilee. 
Unhapj)ily veiy soon after his arrival in 1()4*2 Galilts) dirul, an<l 
Borolli, though he ap])ears l.o have st.ayed some time in Florence 
enjoying intereoui-se wirli Torrieelli, njlinned to Messina, when? 
in lG4b he j»ublished his first work, a-n account of the ]>eslilehce 
raging in Sicily in 1()47-<S. TluMigh in the fiist pla-C(j a 
mathema tii'ian and a |)hysic/ist, he lik(? othei* learned me)! of 
the time busied himself with iiujuiries r<*aching outside his 
own line ; that he was justified in tjoijig so is shown by 
th(5 fact that in this trcjatise he atla(*k(Ml the. views held of 
physicians eoiiccruing the cause of tlu? disease, and contemlc^d 
that it ^vas due [.</ what we sliouhl now call an air-borne 
germ. 

llis fame while at Messina grow so great and spread so far 
that in lOob he was invited by Ferdinand Duke of Tuscany to 
fill the chair of mathematics in the University of Pisa. Tlui 
efforts of the Medici to make tlnur university an academic 
power w'ere l)eing crow?ied with success, and Pisa was now 
outshining Padua. Borelli ac(U‘pted the invitation, and so 
began what was perhaps th(3 brightest and the l)ost part of 
his career, though ho was already forty-eight y<‘ar.s old. 

Mucli as he owed to liis chief t<?aclM*r Gastello, Borelli was 
to a largo extent a self-taught man. Tie seems not to have 
paid much attention to literary .studie.s, and his life at Messina 
was probably more or less a provincial life, a life marked with 
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provincijil charHctors. Coming to Pisa he was plunged at once 
info file most polished life of the times. And there is a story 
that at the intruduetoiT lecture which against his will ho was 
induced to give upon entering into office, his clunisy tliction, 
his rude gestures, his long-windo^d and yet halting serjtences 
were so little to the taste of his fastidious audience that they 
broke out into derisive laughter and brought the lecture to a 
premature close. 

Ill spite of this Borelli soon made his power felt. Though 
his chief dutv was to teach mathematics, he threw himself with 
zeal also into other kinds of learning. Malpighi, as we shall 
presently sec, came from Bologna to Pisa at the close of the 
year of Borelli’s arrival. The two at once became close friends, 
and anatomy soon occupied Bt)relli's energies almost as much 
as mathematics and physics. By his talents and energy he 
made the university of Pisa famous as a scliool for both mathe- 
matical and medical science, and his efforts in these directions 
were generously supported by the munificence of the Medici. 
It was perhaps chiefly through Borelli s unwearied activity in 
advancing by way of experiment natural knowledge of all kinds 
that ill 1657, under the patronage of Prince Leopold, the famous 
Academia del Oimento, one of the first of learned societies, 
wiis instituted. Borelli, Malpighi, and the sagacious naturalist 
Redi formed a trio which would have been an ornament to any 
academy. But the Cimento was not all union. Bnrelli’s in- 
telloct.ual gifts lacked the support of an amiable character; he 
was morose and (|uaiTelsume, tenacious of his own right, not 
unenvious of tlu‘ siicc^ess of others, and apt wlien contradicted 
or opposed to fly into a passion ; some of his contemporaries 
.sp(‘ak of him as almost unbearable. He wa-s nnire than once 
led into a (piarrol with his colleagues of the Academy, and 
eventually became estranged even from Malpighi, who looked 
upon him as a father, and who while they wen^ at Pisa together 
sought counsel of him almost every day. 

During these years Borelli published not only mathematical 
works, such as his Ettclides 7 x^stitutus\ and astrom>mical works, 
for at Florence during the summer when freed from the duty 
of lecturing he under the patronage of the Medici made 
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observations on the heavens, but also his important pFiysical 
work, De vi percuss ionis. But what ho sot his miml chiefly to 
do was to writQ a treatise on animal motion, De motu aniinalkuiiy 
embodying the results of the anatomical and pliysiological 
iiKjuirios in which he had been so long engaged, and to the 
prosecution of which he ha<] so fruitfully stimulated others. 
Although the work was not to see the light for many years, 
much of it apparently was writUui before he lel't Pisa. 

• For he did leave Pisa. It se<uns strange that he should 
desire to leave such a centre of light to live once mure in an 
out of the way and provincial seal, of leaining. He jileaded as 
his reasons the ungenial climate of Pisa and the desire for 
more leisure and (juiet ; others thought it was his inconstant 
ter»ipi>r and his repeated (juarrels with his colh^agues that led 
liim, in IbOS, after twelve years’ stay at Pisa to accept an 
invitation to return t.o his old University at Messina. Here if 
he had more leisure, his irdellet'tual activity at least in spite of 
his increasing years sluiweel no signs of l»eing on tin? wane. 
He published his important troati.se on * The natural move- 
ments depeiMling on gravity%’ lu^ investigatc'd an (uuption of 
Etna, he busied himself in literary and antiquarian studie.s, 
and all tlu* while he continued working on what lui felt to be 
his gn*at (effort, the treatise on animal motion. 

In 1074, being (concerned, or being suspect(Ml of being 
concerned, in a. p(ditical conspiracy^ to fiiM* Sicily from the rule 
of Spain, he left Messina for the last time' and HeMl an e^xile to 
Rome. There was at that time living in Jlonu' that remarkable, 
I ought perhaps to say Jiotorious woman ( Jhristina (daughter of 
Gustavus Adolphus of Sweden), who after bearing the burdens 
of th('. crown for ten years (for at her father’s di^ath in 1044 she 
succei;de.d to the throne) thnnv them on one sicle in 1054, in 
order that, free from political can's, she might devote luaself tO; 
the charms of tivavel and of intellectual culture, and to other 
pleasures of private life. She, playing the ]>art of Ijjidy 
Bountifid in science, held a little academy of her own, and 
when Borelli,a needy, or well-nigh needy (^xile arrived at Rome, 
she took him under her protectioj). He earned the assistance 
which she gave him by acting as her physician and also by 
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frequently delivering discourses at her academy, discourses 
which however he did not think worthy of being published. 
For three years he continued thus under her patronage, though 
living in his own house on the slender moans which he 
still retained and on the help which she gave him. Ho kept 
on labouring at his book on animal motion, the expenses of the 
publication of winch (^luistina undertook to defray; and in 
1G7G t he work was so near completion that Horelli felt justified 
in writing the dedication to her. 

The jiecuniaiy aid which Borelli received from Queen 
Christina was somewhat unc(u*tairi, owing to the. fitful way in 
which her remittances arrived from Sweden. In 1 677 a heavy 
blow fell upon him ; his private servant robbed him of all his 
little money, and indeed all his property ; and need led him to 
take n|) his abode among the Society of the Schoke Pite of San 
Pantaleoiie, wheue he dwelt for two years, giving the pcamltimate 
touches to Ids great work, which as lui! said he hat .1 promised to 
the world twenty-four years bof<.>ro. and earning his board and 
lodging by teacliing mathematics to the 3 ’ouiig scholars of the 
society. The last touches which were needed ho did not live 
to give; before the book liad left th<^ press he was seized with 
a pieuiisy, and on the last day of l()7(), just as the new year 
was coming in, ho passed awa 3 ^ The pupil of Calileo, like his 
master, bowenJ befon^ the power of the Church, ami an ecclesiastic 
dignitary, writing the preface to tlie work of Borelli, publishcMl 
the year after his death, breaks out into praises of the pious 
life of the great man of science, especiall}^ commending him in 
that when in his lectures on astroiiomj^ he had to speak of 
‘ systems ’ he maiiitaincd the authority" of the Church. What- 
'' over others may have taught, it is our duty, ho used to say, 
“not to listen to it. As the H 0 I 3 " Church teaches so ought we 
“to believe, and obeying her, to hold as true whatever she lays 
“ down.’’ 

Borelli was essentially a matheinatician and a phj^sicist ; of 
his valuable contributions to these sciences this is not the place 
to speak. The problems of the living body were not to him, 
as they hixd been to Vosalius and Harvey, the object of a first 
love. Their care had been to find an answer to the biological 
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question; and tho}^ used all other knowledge as a means to 
this end. He, on thi? other hand, regarded the phenomena 
presented by Jiving beings as a Held yielding him abundant 
opportunities for applying the new methods of physical research. 
And we cannot wonden- that from this point of view the 
inovements of animals early attracted his attention. As we 
have just said, his great work, De m.otu animal invi, was not 
published until after his death, the Hvst volume appearing in 
KjiSO, the second in i()8i; but as we have also said, what is 
printed in them had been taught publicl}^ hmg before, while he 
was as yet professor in Pisa: and inchicd much of the work 
must have been already in manuscript in those early years, for 
his pupil Bellini, writing in 1()(>2, refers to it as already a book. 

He himself makes (piite clear his own opinion of the real 
nature of his book. In the introduction he speaks of physiology, 
a word which employed rarely in earlier times, by A.selli for 
instance, was now coming into geiuual use as a ‘part of 
physics/ and tins he proposes ‘ to ornament and enrich by 
n 1 at he m a t i cal d e m on s t ra t ion s.’ 

Animal inovornonts naturally divide theTnselv(.^s into ex- 
ternal movements, such as tho.se effected by the skeletal 
muscles, and internal movenuaits, .such as tlie movements of 
the heart and of other viscera, and in gemual the movements 
of the fluid parts of the body^. Borelli Ivi tiats of oacli. We will 
consider the external movements first. 

The various movements effected by the muscles present 
two classes of problems : the .special problems, me<diaiiical in 
nature, of the movements effected by particular muscles; and 
the more general problem, in a certain sense also a ]>liysical 
one, how the substance of a muscle gives rise to movement, by 
what changes in a muscle movement is brought about. 

A large part of Borelli’s work is devoted to the special . 
nicchanical problems. Vesaliiis, and later on Fabricins, had 
treated of these problems in some detail, but they had treated 
of them in a more or less loose way only. They laedved, Vesalius 
wholly, and Fabricius to a less but still to a great extent, the 
exact mathematical and mechanical knowledge which s])ringing 
up ill the latter part of the sixteenth century made such i apid 
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progress in the beginning of the seventeenth century under 
Galileo and his school. Borelli was of that school, and having 
laid a foundation in a chapter entitled/ Mechanieal propositions 
useful for the more exact determination of the motive power 
of muscles/ he treats in succession of the various problems 
of muscular mechanics, of flexion and extension, and of the 
more complex problems of standing, walking, running, and 
other forms of locomotion ; he investigates these in the same 
rigid, exact manner, calling in the aid of mathematical figuro>s 
and calculations, as he and others had investigated the problems 
of falling bodiivs, and of the action of various projmlsive and 
other machine’s. 

One has only to compare the chapters of Fabricius with 
those of Borelli which deal with any one of these probhmis, 
that of walking for instance, in order to realize what a large 
bound forward mec^hanical science had made in the first 
years of the seventeenth century. 

Borelli s discussions concerning thesi’ special problems may 
be read with profit even at the pres<ait rlay ; th(.>y s^ipply thc^ 
basis of muscular mechanics, ami interspersed among them will 
be found shrewd observations, whicli pnss from mere mechanics 
into more distinctly physiological (piestions, such for instnrico 
^^s that in which he calls atteiitioii to the distinction between 
tlie weak tonic contraction which a imisclc may (jxercise against 
an antagonist muscle, and the moi’e poAverlul voluntar}^ con- 
traction, by which th(? .same muscle does work equivalent to 
raising a heavy wt’ight. 

Not contc’iit with the solution of these prolilems of mrisciilar 
mechanics, problems which could be solved by the almost 
<lir(‘ct application of known mechanical methods, aiui which 
called for little special research beyond the mere dettjrminntion 
of the necessary data, Borelli passes on to the more general, 
more distinctly phNsiological, tar more difficult question of the 
nature of muscular movement; this also he attempts to solve 
by the mechanical mathematical iruithod. 

It was recognized of old that the movements of the limbs 
and of the various parts of the body were brought about by the 
shortening of the structures called muscles. It was also 
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recognized that nerves were concerned in the action, it being 
generally supposed that animal spirits passing along the nerves 
to the muscle,* provoked in some way or other the movement. 
In the muscle itself two parts were recognized : the fibres of 
the muscle which, though ]>ossessirig a nature of their own, 
passed into and were continuous with the fibres of the tendon 
at oJich end, and the flesh, 'caro,’ which filled up the interstices 
bc^wticn the fibres ami a<lapted itself to them, but which 
otherwise was comparable with the flesh, ‘ caro,’ or parenchyma 
of other organs, such foi* instance as the liver. According at least 
to general opinion, the contraction, tliat is tlio shortening and 
hardening of the muscle as a whole, was carried out not by the 
flesh, 'enro,’ but by the fibres of the musele, the powcT of the 
fibres to effect^ this being due to the animal spirits reaching 
them along the nerves. 

Vesalius, passing lightly over this, as over othcu* problems 
distinctly physiological rather than anatomical, and this as we 
have seen was his wont, has little to say about it, but that 
little go(‘s straight to th(^ root of the matter. He saw clearly 
that the contractile power of the nnis(*Je resides in the actual 
muscular substance, not in the fibres of the ligaimmt or tendon 
which spread out into the muscle's belly, nor in the rua-vos 
ilistributed in it, though these phiyed their part as carriei’s of 
the animal spirits. This is what he says : 

“Muscle ther<‘foi*e, which is the instrument of voluntary 
“ rnoveunent as the (^ye is the instrument of vision an<l the 
“tongue of taste, is composed of the substance of tlu^ ligament 
“or tendon divided into a gj*eat number of fibres and of fiesh 
“containing and einliracing those fibres. It also receives 
“ branches of arteries, vein.s and nerves, and by reason of 
“ the pr(‘Sonce r>f the nerves is never* dostituto of animal 
“spirits so long as the animal is sound and well. Now !• 
“ do not regard this flesh as merely a foundation or basis, 
“a.s it were a bed •or support by which the fibres and the 
“above-mentioned divisions of the nerves are held together. 

“ Nor do I with Plato anri Aristotle (who did not at all 
“ understand the nature of muscle) attribute to the fl<jsh so 
“ slight a duty as to servt}, after the fashion of fat or grease 
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“ or some sort of clothing, the purpose of lessening the effects 
“of heat in summer and of cold in winter. On the contraiy, 
“I am persuaded that the flesh of muscles whfch is different 
“from everything else in the whole body, is the chief agent, 
“ by aid of whicli (the nervc'S, the messengers of the animal 
“spirits not being wanting) the muscle becomes thicker, shortens 
“and gathers itself together, and so draws to itself and moves 
“the part to which it is attached, and by help of which it agfiin 
“relaxes and extends, and so lets go again the part which it 
“ had so drawn. It is clear that the pj'oper substaiice of an 
“ organ is the agent of the primary functions of tlu) organ, as 
“is the case in the brain, heart, liver, lungs, spleen, kidney and 
“ testes.’’ 

Fabricius discourses in three long i*arhbHng chapters on 
the structure, the action, and the iisi*s i>f muscle. In those luj 
shews here and there the influence of new i<leas, as for instance 
when he compares the action <»f a nerve in inducing muscidar 
contraction, though itself not contracting, to that of a magnet 
which causes a piece of iron to move, though not itsidf moving. 
Yet his teaching is on the whole the old teaching that the 
contractile power ivsides in the fibres of th(5 imisele, not in the 
flesh. So fa]* from adv'ancing bc*yond Vesalins, he falls behind 
him; in this as in otlier matter's (dalen is liis master, not Vesalius. 
Indeed when Borelli attacked the problem, this was very much 
where Vesalius had left it, for Descartc's had passed it lightly 
ovei*. 

tie had the advantage of being able to start with a truer 
knowledge of the minute structuio of muscle. As we shall see 
in the su(;c(^eding lecture the niicroscopo had about this time 
come to the aid of the anatomist, and Malpighi, Boi*eIIi’s friend 
and colleague at Pisa, was using the new aid as a means of 
'achieving bi’illiant discoveries concerning the finer structure of 
living beings. Nor was the new instrument being used by 
anatomists at Pisa only. Before Borelli’s^book was j^ublished, 
but, probably, not before he had written or at least begun 
to write it, there appeared in IGGI a littl<j tract, fJe inuscuUs 
ohservationum specimen, expanded, and illustrated with figures 
a f(*w years hitcr in lf>(>7 as Elementoruvi myologiae specimen, 
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written by a J3aiie, Nicolas Stensen, better known perhaps by 
his Latin name of Steno, to whom I have already referred and 
of whom I wHl vimtnie to say something more in derail in a 
succeeding lecture. Stensen had used the microscope and had 
been lci[l to the following conception of the structure of a 
muscle. 

According to him a muscle is essentially collection of 
motor fibres. Each motor fibre {fibra motric), itself a i*om])lex 
of most minute fibrils, arranged lengthways, has a middle 
part, which differs in consistency, thickm;ss and colour from 
each of tin? ends. I'he scviiral motor tibri's arc" bound togetiujr 
by the continmiiis traiisversi^ fibrilla* of (.he prop(,T membrane 
of the muscle. The middle parts of the motor fibres, wrapped 
rourfd by the^ membranous fibrilhe, constitute together’ the 
fleshy part of the muscle, which soft, broad and thick difici’s 
in colour in ditferent a.niinals, being reddish or pale or even 
whitish; in the leg of tin* rabbit you will find some muscles 
red and others pale. The end parts of th(‘ motor fibres, which 
are always white, thin, and lough, (!onstitutc‘ togetluu* tluj 
tendons. It is the fleshy parts of the motor fibres and thesi* 
alone which contract, and in doing so beconui shorttu*, liardeiv, 
and corrugated on the surface; tlie tomlinous parts remain 
unchanged. 

It Avill be seen that Stensen had come very near to a 
true conception of the sti'ucture of muscle. What lu^ flailed 
a ‘motor fibre’ we now call a ‘fasciculus,’ his ‘most minute 
fibril’ is our ‘elementary fibre,’ and we speak of his ‘])roper 
membrane’ with its transv(‘rsi‘ fibrilhe as ‘ the eonuoctivo tissin^ 
fraim^work.’ Stensen too like Ilorelli was full of tlu* new 
.spirit of the mechanical philosophy of the day ; and the greater 
part of the work of which 1 am speaking is taken up with 
elaborate mathematical mechanical expositions. In a muscle,* 
says Stensen, the middle Hc*shy part is an oblique angled 
parallel(*piped, and *the tendon at each end is a tetragonal 
prism ; anil ho develops at length the geometrical consecjuences 
of this conception. 

Borelli was a(*.quainted with Stenson’s work, he accepts his 
exposition of the structure of muscle, and speaks of muscular 
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fibres and nniscular fasciculi as the real contractile part, the 
fibres of the tisndon serving only to bind the fleshy fibres to 
bones or other stnictuj-es. It is true that he refutes Stensen s 
mathematical meelianical conceptions of the arrangement of 
the fibres, replacing them by coiic(3ptions of his own; but this 
is a matter of little moment. Both observers had grasped the 
all important fundamoiital fact that tlu^ act of contraction is 
eairied out by the fleshy muscular fibre and that the fibres ^of 
the teiidon, ho\vso<ner far they may seem to enter the muscle, 
an^ mei-e ])assive agcmls, retaining their normal length and 
consistence and taking no part whatever in the contraction. 
The old idea of the contractile tendinous fibres, and of the flesh 
‘ caro,’ serving the purpose of nien^ packing was done away 
for ever, and Vesaliiis was justified ot his children. 

Co!»iing then t<» the actual nature of this eoiitractjon of 
the fleshy part, Borelli strove very hard to naich a ilelinite 

mechanical e.Kplanation of the proC(‘Ss. lu this he, in one 

re8p(H,*t, went distinctly astray. Recognizing the beat of th(^ 

heart as a contraction of tlie mnscular ventricles, and im- 

pressed with the fact that, during the systole the walls of 
the ventricles closing in laterally obliterate the cavities from 
which the blood has been driven, he concluded tliat the 
muscular walls in contracting increase in bulk ; and he ex- 
tended this conclusion to all muscles. 1"his view of an 
increase, in bulk led him to suppose that the hardening and 
tension observable when a muscle contiacts is due, not to 
meie displacement of the parts of the muscle itself, but tn 
au inflation of the muscular substance bv somedhing from 
without. And in acciudance with this ho constructs a hypo- 
thesis, in which the niiiscidar fibres are sii])posed to be chains 
of rhombs, and proceeds to shew liow contraction, with its 
•attendant hardtuiing and extension, may be explained by 
considering inflation as being the sndden insertion of a number 
of wedges. « 

Having reached this mechanical c-onception of the act of 
contraction itself, he attempts to gain a like mechanical 
conception of the way in which the nerves act as the exciting 
agents of this contraction. He begins his* discussion of the 
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.subject by refuting the wrong explanations of muscular con- 
traction which had been y>ut forward bv’^ various authors. 

Although •Nature is admirable in all h<.u* operations yet 
"‘there is no one who is not in the highest degree astounded 
‘"when ho considers the immense force and energy of muscles, 
"‘and sets about to understand more exactly the causes, organs 
“and apparatus by which Nature cairies out such a work. 
“And for the reason that human stupidity is more easily struck 
“ with the ugliness of error than with the beauty of trutli, 
“ I shall first proceed to expose wrong views, both because this 
“ part of science' is not to be despised, and also because the 
“ exclusion of what is ei-roneou.s the more c^asily l(;ads us to the 
“ discovery r>f what is true.*’ 

The first wrong vi(uv which he i^xposes is tlu^ one that 
muscles are directly m()V(‘<l l)y some incorporeal agency. 

“Muscles do not (‘xcrcise vital movemmit otherwise than 
“by contracting. Such a violent (‘.ontraction howev(ir is not 
“brought about by anything else than tlu^ hardening and 
“ inflation which the muscle undergO(‘s. Now such an inflation 
“cannot bo conceived without the advt'ut and insinuation of a 
“second body. For the eoiporeal mass of the muscle, possess- 
“ ing as it does thrc<^ dimensions, eamiot be inflated and 
“increased in bulk by any wholly ijicorporea.1 influe.iici' having 
“ like an indivisible point ru) magnitude.” 

He next refutes the view tliat inuseular movement is 
brought about l>y spirits oj- by a corpc>real air, suedi as the 
atmosphere is. 

“There are ju)t wanting those who insist that extremely 
“attenuated corporeal animal spirits like air supply the cause of 
“ the movements of muscles. 

“But these cannot extricate them.selvt's from innumorabh' 
‘"difficulties. For, according to their views that spirituous air 
“either expands the muscles, rushing into their cavities like 
“ wind, and filling fjiem with its abundance and ])lei}ty, or on 
“ the other hand brings about the contraction filling up tlu^ 
“porosities of the muscles through ebullition and rarefaction. 

“ But this seems to be impossible because the action of a muscle 
“ is a mere contraction of its length, so that the two ends by 
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“ contrary movements are brought towards each other, the 
“ muscle swelling and enlarging in bi-eadth/’ 

After pointing out the various difficulties he says, '‘ Finally 
“ a very common experiment does away with all this nonsense 
“about air. When the muscles of a living animal are divided 
“ lengthwise, while the animal is submerged under water, and in 
“ eonse<pience of the pain is struggling violently in the midst 
“ of such great copious fervour and ebullition of the supposed 
“spirituous gas which would thereby be excited in the muscles, 
“ one would expect that inninnerabh; bubbles of gas would 
“burst forth frofii the wound, and ascend thiough the watei*, 
“wlioroas nothing of the kind takes place.” 

He further go<‘s on to shew that vital contraction cannot 
take place by reason of any juice oi- bloo<l distending* the 
porosities of the muscles, nor from the blood being driven into 
them by the forcu* of the lieai t. 

Having thus discussed the wrong explanations, he |)roce(‘ds 
to expound the prcjbably true explanation of muscular con- 
traction. 

He concludes tliat for bringing about muscular contraction 
two causes are necessary, one existing in the muscle itself, 
the other brought to it from without. 

“ Since all muscles, with some few exceptions, do not 
“inanifV'st vital rnovenient otherwise than in obedience to the 
“will, since the (Commands of the will are not transmitt(?d from 
“the brain which is the iiistrumeiit of the sensitive, and the 
“seat of the motive soul, by any other channels than the nerves 
“as all conl'ess and as the most decided experiimuits shew, and 
“since the action of any incorporejd ageiuy or of spirituous gases 
“must be rejected, it is clear that some corporeal substance 
“must bo transmitted along the nerves to the muscles or 
“ else vSOJiie co!nmotion must be communicated along some 
“ substance in the nerves, in such a way that a very powei'ful 
“inflation can be brought about in the twii^ling of an eye. 

* “Arid since the inflation, hardening, and contraction do 
“not take place in the channels which serve for bringing them 
“about and in which the motor influence resides, namely, in thf? 
“nerves themselves, but tukes place outside the nerves, liamely, 
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“in the muscles, it is evident that the substance or the 
“influei/ce which the nerves transmit is not taken by itself 
“alone siifliicient to bring about that inflation. It is necessary, 
“therefore, that something else must be added, something 
“ which to be found in the muscles themselves ; or thn.t in 
“the muscles there is some adequate disposition of rnateriaJ 
“so that on the arrival of the iiiHuence transmitted by the 
“nerves there takes ])lace something like a fermentation or 
“ebullition, by which the smlden inHatioii of the muscle is 
“brought about. That such an action is possible is rendered 
“clear by innumerable experiments which are coritimuilly being 
“made in chemical (daborations as when spirits of vitrird are 
“poured on oil of tartar; indeed all acid spirits when mixed 
“with fixed salts, at ouca* boil up with a smldeii fermentation. 

“ In like manner therefore, we may supiiose tliat there takes ]>lace 
“in a muscle a souKovhat similar mixing fnun which a suddem 
“ fonnentation and ebullition I’esults, with the mass (d' whicli 
“the p<irositi(\s of the muscdc' are fill(*(l up and (‘nlar*g<'d, thus 
“bringing about the tnrgescenco and the. inflation. ” 

I must not dwell any longer on liorelli’s views (^<nieerning 
muscular contraction. 1 shall havi* to take them u]> again in 
connection with the labours of other men on the same subject. 

I have said emough to shew how great and lajiid an advance^ 
in our knowledge of these matters Jiad been brouglit about by 
the now physical learning. Working on mechanical mathe- 
matical lines, and almost on iluvscj aium% for it is only at the 
end that he calls into his aid some of the cliemic;d ideas which 
were beginning to stir men’s minds, and his no less than others, 
but w'hich w^ere as yet far behind the already current pliysieal 
ideas, Borelli was able to approach very near the conception 
which was not to be laid hold of for a ccuitury or more., the 
conception of the irritability of muscle maintained by nutritive 
processes, and of the calling that irritability into play by the* 
advent of nervous impulses. 

Borelli had also much to say concerning the intel•na^ 
movements of the body, movements other than those carried 
out by the skeletal muscles. Ho dwells at length on the 
movements of the heart and on the cii'culation. 
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Ho fully accepts Harv(?y’s \aews, and developos them in his 
own way. Although Harvey could not be ignorant of tlie 
exact mathematical and physical knowledge which was being 
gathered up in his time, he as we have seen makes little or no 
use of it in his great work. Tliat was based <‘xclusively on the 
teachings of anatom}' and the results of experiments on living 
animals ; he never made use of the new mathematical or even 
the n<nv physical methods. This is exa(*tly wliat Boi'elli does. 
To the physicist the problems of tluj circulation have always 
been liisciiiating ; they obviously W'cre so to Borelli, and ho 
de\ elopes a numbm* of mechanical invest igatinns and specula- 
tions. While his brother mat.hematieian Descart.os w^as content 
with the old view of the expansion of the ventricles h}" the 
rarefaction and ililatatiou of tli<‘, contents through the innate 
heat, Borelli seizes tlu* Harveian view of the projndsive powder 
of the heart in its systole and liktms the ventricle to a wduo- 
press or to a ])i8ton. He dw^ells on the mechanical action of 
the s[)ira] nrraiigenuuit of tlu* fibres of th<‘ ventricle, an 
arrangc'inent w'liich he says he himself had discoveiuMl, though 
th(‘ie is reason to think tfiat the obsta vation is due to Malpighi, 
and speaks of the work done by the herut in the following 
terms : 

“ I'he ti'uc action of the muscle of thci heart is the contrac- 
tioii f>f it<s ventri(*les, and the coinpression and expression of 
the blood contained in them is carried out after the manncir 
‘‘ of a winepre.ss, and that not by tlie contortion of tluj spiral 
‘'fibres of the heart but by their iiiHation and toiision.” 

He gives the following as tlic^ reas«)n why t.he lateial walls 
of the heart are brought together in the systole: 

“All tlie almost innumerable fibres are carried obihjuely 
“ and tvansversidy round the sides ol‘ the hi?art, and form a 
“nunibiu’ of strata placed one upon tlie other like a series of 
“ membranes. Wlnm therefore the fibres of any stratum are 
“ indatod, these touching each other laterajly and Ij'ing in one 
■plane, naturally push each other sidew'ays, and so mutually 
“ shove each other out of their proper places, and push each 
“ other aw^ay from their proper situation, namely towards the 
“ base and the apex. I^'liis would tend to increase the interval 
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between the base and the apex ; but other external fibres 
“ sun’ounding the oblicpiely transverse ones and intersecting 
“them in a dociissating manner pr<*vont, as we shall presently 
“shew, their elongation and protuberance, whence necessarily 
“the inflation of those fibres gives rise to an intumescence 
“ internally towards th(* cavities and so the inflated internal 
“ sides of the walls are brought nearer to each other/’ 

We have seen that an important link in Harvey’s argument 
was furnished by his calculations as to the <iuantity of blood 
driven into the arteries from the lieart, calculations which were 
as we shall see repeat(Ml in a more exact manner some years 
later by Richard Lower. Rorclli goes furthia-, he is anxious to 
determine in mechanical terms the force of the ventricular 
systole. Assuming that the force of contraction of all healthy 
muscular tissue is the same for a unit of liulk, and observing 
that the ‘fleshy mass of the heart' is in bulk equal to a 
inasseter aud ttunporal muscle combiued, lu' eou(‘liides that 
it exercisers the same force as these two together, which 
forcer can her detennined experimentally. He finds tliat the 
muscles of the two sides of the jaw acting togethirr can snppoi t a. 
weight of more than ilOO lbs. The muscles of one sid<r tlierefore 
will support a weight «)f more than 150 lbs. But this is an 
instaiicMr of the partial force of a ninscle; if we want to find the 
whole force of the muscle wo ought to multi [)ly thi.s result at 
least 20 times. Thus lie loaches th(* irorichisiun that th<r 
motive foi-ce oi’tlie heart considered by itself may b(r calculated 
as e(jual to that of suj)portiMg a weight of more than -SOOO lbs. 

Perliaps the irujst interesting part of Bonrili’s work on 
the circulation is his treatment of tlie flr)w in the arteries. 
Working on the lines of his vi(3W that tlie actir»n of tlnr h^rart 
is to be likened to the action of a piston in a pump, he argues 
that at the close «.)f a heart-beat the artenies are not empty, 
but still hold a considerable quantity (d‘ blood ; according to his 
calculations tliey contain about } of thc‘ total blood of the body, 
the quantity introduced at a single beat, namely about three 
ounces, being a twentieth part of that, and occupying a space 
in the arteries next to the heart not more tlian half a foot in 
length. 
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Ho (liscusses at length the resistance which the heart has 
to ovorcoine, resistance offered by the walls of the arteries them- 
selves, by the tissues suiToiuitling them, and by 4ihe minute and 
variously shaped oiifices through which the blood issues from 
the terminations of the arteries in the several tissues. And 
by a series of mathejnatical cahmlations he comes to the con- 
clusion that the heart in maintaining the circulation has at each 
beat to exert a h»r<^e equivalent to not Ujss than Kb5,000 lbs. 

His view of tlu^ flow in the arteries is worth giving in his 
own words; 

“In the first place we must disprove the common assertion 
“ that blood is driven through the terminal orifices of the 
“arteri(*s after the fashion of a fountain, simply by the pro- 
pulsivcj lorco of the heart. 

“ The arteries are soft, distensible tubes full of blood, but as 
“ we have shewn not filled to oxtnunc distension ; and during 
“ each beat of the heart there is driven into them by the con- 
“striction of tlie heart, acting like a piston, a mass of blood 
“sufficient to complete their distension or oven more than 
“ sufficient, in which case the surplus is discharged beyond 
“the arteries by the beat of the heart itself. But wso soon 
“as the b(iat is over the arteries return from their distended 
“condition to the same soft and shrunken state in which they 
“ were before the beat*. Therefore there must have escaped 
“from them the mass of bhjod or the surplus of that mass 
“ which had been driven into them by the piston of the heart. 
“ But the blood which has been driven into the arteries cannot 
“issue from them of its own accord through the extremely 
“minute terminal orifices of the arteries since it po.ssesses no 
“force of its own. Nor is it driven out by the propulsion of 
“ the piston of the heart or only partly so since the arteries are 
“ not rigid tubes made of steel but are soft, and the force of the 
“heart in its direct action is spent in expanding them, which 
“expansion acts as a cause of retention rather than of expulsion 
' of the blood.’' 

After shewing that the flow of blood out of the arteries 
cannot be due to gravity, or to any force supplied by a 
rarefaction of the blood he goes on : 
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“ Two effects follow the beat of the heart, the filling of the 
“ arterierf with the blood driven into them, and the exit of the 
“same blood fjrom the same arteries. Certainly these two 
“ events cannot take place at the same time ; for the one 
“consists in an expansion, the other in a constriction of the 
“same arteries, and these two being opposed in nature cannot 
“take place at the same time. Whence it miLst be that the 
“filling of the arteries takes place first, and that their con- 
“sCtiction and emptying Ibllows afterwards. 

“The filling and distension however which take place first 
“cannot ho carried out without a violent extension of the 
“ transverse fibres of the said arteries. Now we know from other 
“ sources that all fibres of vessels, and all fibres of muscles, of t.he 
“ intestines, of tendons, of membrane, and of the true skin resist 
“extension, and" when extended possess a power of contracting 
“like that of a strung bow. Nay, indeed, we see that all fibres 
“wlum placed in their natural surroundings possess some 
“amount of active tensioii, for when they are divided they 
“contract of their owri accord and bcconio shorter. This would 
“not happen if these fibres cxist(?d in a condition of equili- 
“brium between extension and contraction; like the cord of an 
“unstrung bow they would suffer neither contraction nor 
“ extension. 

“But if all fibres in a natural condition undergo some 
“amount of extension it follows that, when the arteries are 
“filled with blood, the transverse fibres, owing to the enlarge- 
“ ment of the cavity, must become much more oloiigated and in 
“consequence undergo a much greater extension. And since 
“the said expansion ol' the arteries is succeeded by a con- 
“striction which cannot take place without a shortening of the 
“ circular fibres, and indeed such a shortening is proper to and 
“part of the very nature of these fibres, it follows that the 
“arteries after their violent expansion, due to their being filled 
“ to distension, cannot do other than exercise by the law of 
“nature that mechanical force which they possess. This 
“s(}ueezing the arteries like a rope twisted circularly round 
“them expels with force the blood through their terminal 
“ orifices.'* 
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This has only to be translated into present language in 
order to be road as stating that the steady flow from the 
arteries through the capillaries into the veins, is the result of 
the elastic i-eactions of the arterial walls, and thus the indirect, 
not the direct result of the heart-beat. 

Some of Borelli’s numerical calculations were misleading, 
but even in quite recent times numerical calculations of 
muscular force based on the latest researches have also proved 
misleading, and such miscalculations in nowise lessen 'the 
admiration which one must feel for Avork showing, in such 
eajly times after Harvciy, such a grip of the ])robIcnis of 
hjemodynamios. We may almost say, even not forgetting 
Ilak^s, that Borclli brought our knowledge of the subject 
neiD’ly to the point at which after the lapse of more than a 
century, indeed of nearly two centuries, Poiseuille and Weber 
took it up again. 

Borelli completes his treatise on the eirculation by coii' 
siderations on the nature and cause of the heart-boat. In its 
imnuMliate nature tin* lieart-l)eat, th(^ movement of the heart, is 
identical with the nu)V(unent of a limb; both arc muscular 
contractions of the same order. But the two differ in their 
ultimate^ cause. The movement of the. limb is the issue of a 
direct action of the? will, the movement of the heart is not so. 
“It may arise by oiganic necessitv, the heart may move as 
“certain automata move. Or possibly the movement may come 
“from a voluntary elfbrt of which we have ceased to be 
“conscious because it has been repeated so often and so 
“ constantly.’' 

After treating the movements of the circulation tlnis fully, 
Borelli goes on to attack by similar methods the problems of 
respiration. Of his views on this subject I will not .speak 
here; it Avill be convenient ,i.o deal with them in another 
connection. Nor did he stop at respiration. As we shall see 
in the next lecture physiologists were becoming much exercised 
in their minds concerning the structure of glands and the 
nature of the process of secretion. Borelli attacked these 
problems also, and satisfied himself that all the phenomena 
of secretion could be explained in a mechanical manner by 
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the help of hypotheses, concerning the size and shape of the 
particles^ to be secreted, and of the orifietjs or spaces through 
whicli they had •to pass. This is what he says: 

“ For we have shewn that the fluidity of a liquid cannot be 
‘■'conceived of without its mass being actually divisible into 
“ very minute hard and consistent particles of a definite shape, 
united together imt by firm bonds but by simple contact, so 
that some of them can be agitated, can flow, can mox e about 
‘'wfiile others are at rest or are moving in another direction. 
“ 111 no other way can be preserved that fluidify through which 
fluid parts flow along, mix and fuse togetlier. 

“ Moreover it cannot be doubteil that the different natures 
'‘and properties of tluids depend on the difierent consistency, 
structure, configuration and motion of the molecules composing 
“ the fluids, Thhs the molee.ules composing water are all hoino- 
“ goneous and like each otlua- but ilitfereiit from those com- 
“ ])(> 8 ing oil or a fluid of another nature, and indeed it is agreed 
“ that th(* particles of the said Huii.ls differ in structure, size 
“ aiid shape. 

“And indeed if the molecules of two hetcrogtaieons fluids 
“were equally mobile so that they could be mixed by simple 
“contact, tlien a mixture of them, a mix tun* I’or instance of 
“oil and water, might lx* compared (o a mixe<l heap of millet 
“and barley. And since wt; see that tliese can In* S(qmratod 
“ by a sieve, so in like inarnier water nnd oil are abl(‘ to ])ass 
“through the pores of skin and of wood but air cannot, while 
“ nuii'cury can pass through the pores of gold but water, oil or 
“air cannot. (A)nsequ<uitly tlu^ said fluids can be separated 
“(just as vegetable grains maybe) from other differ(>iit fluids 
‘'with which they may he mixed by means of a sieve of an 
“appropriate structure without any feriiKnitation ; for just as 
“ grains pass through a sitive uninjured, so oil and water can 
“pass through the pores of skin or wood, intact, without any 
“change. Wherefon! it must be confessed that, it follows by 
“ mechanical laws that the reason why fluids of the oij(j kind 
“do pass through and those nf another kind do not is without 
‘ doubt because the shapes of the mohjcules of the said fluids 
“ match and are fitted to the shapes of the minute pores 
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‘'through which they are able to pjuss while the particles of 
“another fluid, sinoc their shapes do not match, are excluded/’ 
And dwelling on the secretion of urine ho concludes : 

“ Who then wouM wish to think that the particles of the 
“blood are picked out, separated from the watery particles (of 
“the urine) and placed in separate receptacles by some magnetic 
“virtin^ or by some ferment, acting like a servant possessing 
“eyes? Certainly unless we wish to lay hold of follies and 
“ wonders we are bound to confess that (in the kidneys) then^ 
“ exist two kinds of orifices after the manner of two sieves, 
“ namely, one a venous one, which by reason of its adjusted 
“configuration receives the? particles of blood only, not those of 
“ the watery urine, and another, the proper vcjssels of the kidneys, 
“the shapes of which are fitted for absorbing the partiejt^s of 
“ water but not the particles of the blood/' 

With ihe history of the physiology of secretion J propose 
to deal in a geueial way presently, and will therefore content 
myself with thus much of Horelli's views. But 1 must say one 
Avoj’d about his views of the physiology of mu-ves, though to 
these also I shall have to I'eturn lat(‘r on. 

'file animal spirit.'^ of the older writers boicome in his hands 
a nc*rvous fluid, a. fluid subtle and active but still a fluid sul)ject 
to the phy.sical laws of fluid, which he calls aiiccns Hervens. 
lie further distinguishes b(^tween a sttccffs nerveiis nutritivvs 
and a. surcus nervefis spiri.f.Kosus\ ''fhe former govci'iis th(‘ 
nutritive pr<jces.s(;s of the body, it is tlirougli tlie.se that nerves 
ext.Tt what we now call a trophic ac'tion, the hlood supplying 
material, the nerves tlu* vivifying and plastic force. 

Tlie .s'jyirituosus is coiK-orned in the production of 

movements and sensat.i<ms, it is a fluid subject as we just now 
.said to phy.sical laws. He developes his views as to the 
mechanical arrangements which determine its flow along the 
nerve.s, and in one place compares a lUTve to a rod of eldcr-pith 
fillci<l with fluid and so through the fluid ca]»able of transmitting 
oscillations. And throughout he insists tliat the nervous fluid, 
the succus nervous, is es.scntially a physical fluid. Such a fluid, 
says he, bo it as .spiritual, as subtle, and as active as you please 
is always corpoi'eal and is incapable of acting at a distance. 
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He mIso discussed in the sjinic spirit the succm spiritmsufi 
serninaHis (Aiiher, under his supervision discovered in 1057 
at Pisa the tru(j structure of the testicle), the generation and 
nutrition of both plants and animals, and even the nature of 
several diseases. 

When we pass in review the various instances of the 
firm, sharp, decided way in which Borelli laid liold, with his 
physical inetliods, of a whole series of problems, taken from 
nearly all parts of physiology, in dealing with whi(di while we 
can now see how often ho went wi'ong, wc must also acknow- 
ledge how off('n he was right, how^ often ht^ brilliantly hit the 
mark, two reflections force themselves upon us. 

Fn the first place when we remember that I^orelli’s book 
was .published some fifty years only aft(?r the appearaiua^ of 
Harvey’s work, and that ht‘ appears to have been teaching 
|)ublicly iTUieh that is contained in it very many years before it. 
was published, we are impr(*ssed with the (Uiormons progrcjss in 
physiology during the interval, a progre.ss dm* in the main to 
the dev(?lopment of tlie new physical mechanical mathematical 
philosi^phy. 

In the second place when we consider tin* idFcet which a 
pernsal of Bonlli’s brjok has upon the readcu’ now, we can 
easily' understand how he was- a founder a gn'at school 
which floui'isho<l long after him. He was so sucC(?ssiul in his 
mechanical solutions of physiological problems that many 
coming after him readily rushed to the conclusion that all such 
2)roblems could be .solved by the .same methods. And as is 
often the case, the less (jiialified, alike as regards mechanical 
as well as physiological knowl(?dge and insight to follow in 
Bor<dli\s |iath were th(^ men oi* succeeding times, the more 
loudly did they ofttm jiroclaiin the might of }k)relli’s method. 
Thus theio came in the times after Fkirelli a school, who , 
imitating and often mimicking Borelli, pro[)os(Ml to exfilain 
all f)hysi()logical pj^iuiomena by the help r>f mathematical 
formula: and of liypothoses conceining lorc(\s and the shapes* 
and sizes of pai ticles, the iatro-mathematical, or iatro-physical 
school wdiom I shall frequently have o(!casion to mention in 
succeeding lectures. 
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LECTUJiE IV. 

MALPTGIII AND THE PHYSIOLOGY OF GLANDS 
AND TISSUES. 

The r;ipi<l developmoiit of* incchatiioal and physical science 
was not the onU' event taking place in the heginning of the 
sovonteenth century which profoundly influenced tlie progress 
of physiology, introduction of (he rni(.*rosco[)e, though 

acting in a diff<T(Uit way, proved itself an aid of almost e<jiial 
iinportanc<‘ to biological studies, tliough its effects did not 
make themselves fidt until more than half the ccuitury had 
i*un its course. 

The anatomists of the sixteontli ceritnr\% and of the early'^ 
part of the seventeenth century, were content like their fi^re- 
fathca-s to carry on their stmlios with what we now call the 
naked eye, unassisted by any optical instruments. Heiice their 
statements as to the finer structure of the vmn>us organs and 
parts of the bodv^ were necessarily^ vague and incomplete. 
They could teasi; certain parts more or loss completely into 
sti‘ands of greater or less thickness and hence could sjK'ak of 
fibres and of fibrous structure. They recognizeil skins and 
inembram^s of various thickness. They wore able to distinguish 
Avhat we call fatty or adipose tissnt^ by means of its gross 
features. And they- could (bliow out the blood v(‘.ssels and later 
on the lymphatic vessels until those were lost to view as minute 
channels. Beyond this, they were content to speak of that 
•part of the substance of an organ whicrh could not be split into 
fil)r(‘s, and into which the minute vessels seemed to disappear, 
as ‘ parenchyma/ using the word introduced in ancient times by 
Erasistratiis, bnt no longer attaching to the word the original 
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meaning of something j)onred out from the veins. By paren- 
chyma they simply meant the parts which wc^re not distinctly 
made up of filfi*es and which in most cases at least were porous. 
Thus Harvey speaks of the blood which flows along the 
pulmonary artery as being discharged into th(5 porous paren- 
chyma of the lungs and gathered uf) thence l)y the l)i‘ginnings 
of the pulmonary veins. The histology, if we may so use the 
word, of these oldej* writers was of a simple kijid. (llisson, of 
whom I shall have to speak later on in otlua’ connections, in tire 
anatomical introduction to his treatise on the liver, gives, in his 
usual formal didactic style, a sketch of tlie current views as to 
the morphological constitution of the animal body. 

He divides the body into similar parts and organic jiarts, 
the foj'rner b<?ing deUu’mined by the mat(U-ial of which tlie^^ an* 
composed, the latter by the form which they assume. This 
division eomes obviously very near our ordinary division into 
tissiurs and organs. 

Tht> similar parts or tissues may be again divided into the 
sanguineous, or tliose which are ricdily providcjd with blood, and 
the s{)onnatic whi(di are not, but he observes t hat the differentia 
between these is not an exact one. 

The spermatic tissues he divides again into the soft, such as 
brain, the hard, such as bone, and the tensile ; the bust ho again 
divides into membranous tissues, such as the pia mater and the 
peritoneum, fibrous tissues, such as tlie tendons and ligaments 
as well as the fibres of muscle, of the heart and possibly f)f the 
kidneys, and the tissues which are composed of both fibres and 
membranes, such as the true skin, the tissues of the intestines 
and oth(.*rs. 

The saiiguineous tissues arc the fatty tissues and the 
parenchvmatou.s, the latter b(*iiig either projuu’ly sanguineous, 
such as the heart, lungs, kuhiey and liver, <>r phlegmatic, such* 
as the testicle, the pancreas anti some othtu* glands. He states 
that the fleshy parW of muscles as distinguished from the fibi*es 
of muscle are by some regarded as another variety of the 
sanguineous tissues, but in his opinion an* really paren- 
chymatous. 

Though when Olisson wrote this, the new aids had already 
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come into use, arid indeed he speaks of the advantages of using 
optic tubes and microscopes in examining the pores of the 
parencliymatous tissues, he himself had obviousl^^ had but little 
if any recourse to these aids, and his exposition may be taken 
as that of the views held before the microscope was effectively 
used. 

The invention of the microscope, that is of the compound 
microscope (for the simple lens was occasionally used from v(>i‘y 
early times), is a matter of .some dispute. It has been attributed 
to Fontana and also to GalilcM), but the gcuieral opinion is that 
the tirst instiumenl was invented, some time before 1610, 
possibly in loDO, by the biothers Hans ajid Zacharias Janssen, 
of Middleburgh in Holland ; the one made by these is said 
to have been IJ itjct in haigth. Coi riclius Drebbel, of Alkinaar 
in Holland, is however creditiKl with having made at almost the 
same time an imjuovi'd and rt‘a.lly effective instrument; and 
to him the introduction of this new ojitical aid is mainly due. 

It was not until many years after its invention that the 
microscope was sei'iously applied to anatomical stu(li('s. Fran- 
cisco Stcilluti is sai<l to have been the first thus to use it at 
Rome in 1625, a year* after the new invention liad found its 
way to Italy ; but the men who by its use o[)cned uj) a new 
path in anatomy and started new ideas were four, Marcello 
Malpighi of Bologna, Anton van l>eeuenhoek of Delfl, Robei’t 
Ho()k<' of London, ami Johannes Swammerdam of Amsterdam. 

th(?se by far the greatest from a j)h 3 \siologi(*al point of \'it'W 
was Malpighi. 

Boi-n at (h’evalcon', close by Bologira, where bis parents, 
well-to-do poeplo, possessed a small farm, on the lOth of March, 
162(S, the year of the publication of Harvey s book, Marcello 
Malpighi enter’i*d in 1615 the lJnivei*sit.y of Bologna as a 
student in philo.sophy. In this he made rapid progress, but in 
1649 his studies were interrupted by the death almost at the 
same time of his father, his mother, and# his fathers mother. 
Full of affection as a hoy, and he was no loss so as a man, he 
was at first prostrated at the loss. Moreover as the eldest of 
a family of eight, three of whom next to him were girls, his 
hands were full in the settlement of the patrimony, settlement 
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rendered all the more difficult by reason of a dispute concerning 
boundaries which had arisen between the Malpighi family and 
the family of Sbaraglia the possessors of an adjoining property. 
This dispute was continued on until the end of Malpighi’s 
days and in course of time widened from a mcae t|uaiTel about 
land into a bitter and sustained effort on the part of the 
Sbaraglia family to do harm in every possible way to Malpighi’s 
faijie and welfare. Hence though he returned to the University 
for a short time in the succeeding year, it was not until the 
year after, in Idol, that he definitely resumed his studies, and 
then with the view of entering upon tlu^ profession of medicine. 

The Obscurantists, the thdenists were at that time still 
powerful in the Univei'sity; but Bartolommeo Massari, Urofessor 
of Medicine, wjus full of the new learning. Not content witli the 
formal duties of his chair, he in IGoO gatliered together at his 
own house some of the younger professors and older students, 
forming them into a club to which later on, the rimnlxT of 
members becoming limited to nine, the number of the Muses, 
the name of the (Jorns (vnato)niom was given. Stimnlatod by 
Harvey’s new views and by tlui discovery of the lacteals, the 
entliusiasticj nine inad(‘ their meetings tht^ occasion not only 
for discussions but also for dissections on dead bodices, and ex- 
periments on living animals. Into their number the young 
Malpighi was soon admitted, and in what lu‘ learnt at their 
me<^tings he laid tin? foundation.s of his future work. Accurate 
and unwearied in study, blight in mind, quick to grasp each 
new thing, but withal mild, retiring and atlectionate in dis- 
position, he soon gained the love and esteem of liis teacher, 
and so rapidly did he pi'otit by what he was taught that in two 
y(‘ars, in 105-^ In^ became Doctor in Medicine and Philosophy. 

As doctor he had a right to expect that he would be allowed 
to deliver a course of lectures; but not only as the pupil of, 
Massari but also and perhaps by reason oi* what he was already 
shewing himself to bt, he was in disfavour with the Obscurantists 
in power, ainl the right was for a time denied him. Meanwhile 
he drew closer the bonds wliich bound him to his teacher by 
marrying, in 1()54, Prances(?a, Massari’s sister, who, though she 
bore him no children, stood by his side until a few weeks before 
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his death, a tender, cultivated help-meet. The next year both 
were plunged in grief by Massari^s sudden death ; but in the 
year after that, in 165b, Malpighi, who meanwhile had been 
busying himself in medical practice, obtained at last a chair, 
and was made a Professor of Me«licino. 

By that time however his already conspicuous ability 
had become known outside Bologna, and in the same year 
Ferdinand II., Grand Duke of Tuscany, always on the look-out 
to encourage and dcvelope the powers of j)romising young men, 
and endeavouring witli princely magnificence to make potent 
and famous thf‘ University of Pisa, created for him tluTC a new 
special chair of Theoretical Medicine, or as we might say, of 
the Institutes of Medicine, i.e. of Physiology. Malpighi, feeling 
acutely the opposition to hinnself and to his ffimily in his imtive 
city, accepted the offer. 

Hero at Pisa he laboured for three years, enjoying and 
stimulated by the brilliant intellectual activity of the place, 
where every effort to extend the bounds of natural knowledge 
was encoui’aged by not only the approval but also th(i material 
aid of Ferdinand. He profited much by daily intercourse 
with the bright minds which he met there, more especially 
with Borelli, who had come to Pi.sa in the eaily pai't of the 
sanui year The two became close friends, being perhaps 
drawn to each other by the contrasts of their characters. 
Boi'cdli twenty years older tlian Malpighi, sdf-asserting, con- 
fident, claiming as his own not only what he had done but at 
times what had been done by others, r.ngrv if his own merits 
were not fully acknowledged, inipationt of tin? praises of others, 
bore himself, as we have said, in daily life with a taciturn 
coldness if not with a rough fretfulness, which ke])t many who 
admired his tahmts from looking u})on him as a friend. Malpighi, 

, kindly even to softness, ready to give his affections to those 
who seemed drawn to him, devoted wholly to those who had 
won his love, modest and retiring even to timidity, bold only in 
the interests of tnith and right, never in his own, lived a life 
such as the sweet delicate outlines of his face bespoke, beloved 
for the sake of himself, even by those who were not competent 
to judge of his talents and his Avorks. Two things the tw^o had 
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in common ; each of them possessed a fragile frame buffetecl 
by repeated ailments, each was moved to the depths of his 
being by a passion for the new leartiing. Each was able to 
learn from the other. Borelli could teach Malpighi the new 
mathematical physical learning of the school of (j!alih‘0, of which 
there does not seem to have been at this time any adequate 
exponent at Bologna, so that Malpighi came? to Pisa with 
much yet to know. Malpighi on the othei* hand was able to 
lead Borelli into pastures of anatomical impiiry as yet new and 
fresh to him, for, so far as can be learnt, Borelli’s mind was not, 
until lie came to Pisa, turned towards those? biological ]>rol)lems 
which occupied so miudi of his subse(|iH?nt life. Idle wtirk doiu* 
by Borelli on which I dwelt in the last lecture, was begun, and 
indeed much of it was at le;^st hewn out in the jough, with 
Malpighi at his side. Day by day, after their lectures were over, 
they met at Borelli’s house or elsewhere, either with other 
friends present or without them, dissecting, experimenting and 
discussing'. They even listened to each other’s lectuics, foi* 
there is a story that at one of Malpighi’s early lectures, tin? new 
doctrines which he oxjiounded so offended his audience, tliat 
they one after the other withdrew, until at last Borelli was left 
as the sole? li.steiKU'. Malpighi was evej* r(?ady to insist upon the 
great h(?lp which he received from Borelli, and if Borelli was 
less jvady to acknowledge wliat he had gained from his younger 
friend, thi.s, in the judgment of posterity seems to have been at 
least not less, poihaps greater, ]>ossibly much greatm* than the 
former. Much as Malpighi owed to Borelli, gr«.‘at as was the 
guidance which in his early years he had from him, h(? did not 
blindly adopt all Btirelli’s doctrinc‘s, and indeed as we shall see 
struck out new lines for himself, being in many respects a wider 
thinker and a greater man. "I’his later divergence w(mt far 
perhaps to bring about in after years some esla aiigement betwo(?u ^ 
the two; but during their common stay at Pisa, and for some 
time afterwards, tl^eir friendship, though tried from time to 
time by Borclli’s behaviour, remained stedfast; whenever a 
discovery or a new idea came to Malpighi his first desire was to 
learn what Borelli had to saj' about it. 

Three years ho thus spent at Pisa, teaching and learning, 
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busying* himself among oilier things with experiments on the 
blood more or less chemical, the results of which he recorded 
after the fashion of the tiuu- in a Dialogue between a CJalenist 
and a sui'iceoii of the new school. This however he did not 
publish, and tht^ manuscript was accidentally burnt years after 
when his house took Hre. 

Meanwhile the domestic difficulties touching the paternal 
estates at home increased rather than diminislied ; and probably 
in part in ordcT to be on the spot but also for the nvison stated 
by himself that the hunii<l elimate of Pisa, tiying to many at 
the present day, was injuring his In'alth, ho asked permission 
of Fer<linaMd to resign his chair and returned to his native 
city. 

Hero he lesumed office as a Professor of M(‘(licine, ami, in 
spite of domestic troubles and anxieties, pursued his ivsearches 
to sindi gn<,)d (‘fleet that he was able in tln^ next year, IG(K), to 
announce privat(dy to Borelli his discovery of tlu^ structure of 
the Inng, an account of which was j)ublished in the year 
following. P)Ut his nativ(‘ city did not keep him long. In 
U)()2, the chief or hrst chair of Medicine in the IJnivcjrsity of 
Mes.siiia, then active, flourishing and ambitious, had b(‘Couie 
vacant, through th(> death of P. (^Jastcllo, and th(i senate, led tf* 
do so by tlu^ urgent advice (»f Borelli, wlio as we said in the 
last le<^tui e had b(‘en professor there, offla'ed, in April, tln^ chair 
to Malpighi, accoinpaiiying the otter with tin* promise of a 
handsome salary, as wrdl as an adecpiato sum for the expenses 
of the journey. Malpighi ha* a while hesitated, distiusting 
his mental as w(dl as his physi<*al powers, but persuaded by 
fjondli, and influeiK^ed pci haps by dislike of the intrigues 
against him and his I'ainily going on in Bologna, finally ac- 
cepted and rifter a brief stay at Naples on the way out entered 
upon his duticjs in the autumn of the same year. 

Here foi* sonn^ four yc'ars, years fertile as w(? sliall see in ideas, 
he remained, unwimritKl in labours of research, content with 
liis posit, ion and with his work. Here he began a number of 
inquiries, soim.^ of which brought forth results ready almost 
at once to be made known, but others of wdiich needed for 
their completion the toil of many years yet to come. Living 
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(ilose by the sen-shore he had ntnple opportunities for studying 
the anatomy of fishes and other creatureis of the sea ; and the 
simpler structiTres which he found in these ojunied up in his 
mind views as to the real .nature of the like but more complex 
structures of man and the higher animals. It: is pi'rhaps not 
too much to say that during these four yi-ars there came to him 
many of the ideas to develope which was the work of his life- 
tirne. His quiet iindisturlxMl life in Messina was the gei-minal 
period of Ids carem*. 

But Sicil}^ was not his homo, and was not to be his home. 
When, in 1()6G, the term o(‘ his appointment for four years had 
eome to an end, the Senate of Messina picssed him, in so 
flattering a way, to continue in the ehaii* that he felt unable to 
refust^; but he asked and obtained leav(‘ to jiay a Hying visit to 
his native city. This he vvislujd t o do for one reason among others 
that h(‘ might give ])(‘rsoijal attention to the still troublous 
affairs of tin? family. He set out in the sj)ring, staying on his 
journey for a few days at Rome, where he nu:‘t and made friends 
with Stensen. The warm welcome with which h(.* was received 
at Bohwna was a token of tlu^ fanu^ which his researches wore 
already gaining for lum. 8o great indeed liad that fame hecome 
that his eiiemi(‘s could not withstand it, and his friends found 
themselves in a position to nfier'him tlu* Chair of Medicine in 
his native city. Mal])ighi accepted, and the Senate of 

Messina thnugh much against tludr will set him fi-eo fiom the; 
promisii which he had maile to them, fie never returned to 
Sicily, but definiU'ly took uj) once moi’e a place in his old 
irni\ersity. Here for a (juarter ef a century h(> remained, 
labouring not <-)nly in scjmsoh but also nut nf st^asnn, for the 
feebleness of his body brought to him again and again times 
in which he ought to have? fbhled his hands, but in which his 
active mind kept him still at work. Here lie gave his lectures, 
here he went about healing the sick, and here all the time the 
best energies of hii* mind wei’c^ bebig given to the task of 
penetrating the secrets of nature hidden in living boditis. He? 
[Hiblishod the results nf the inejuiries which ho had finished 
at Messina, ho completed those which he had only begun there, 
and he carried on others wholly new. During the winter the 
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duties of his chair kept him closely confined to the city ; but 
in the summer, when his lectures were over, it was his custom 
to retire to some quiet spot in the country n6ar. Here, free 
from the interrupti'»ns incidental to a town life, he could give 
unbroken attention to his inquiries; the calm repose, and the 
pure air of the fields gave renewed vigour to his feeble frame ; 
and, in the loving company of his d(‘vote<l wife, he spent golden 
days, observing, thinking and writing. 

While he was yet at Messina the fame of his discoveries 
had reached the distant shores of England, and on his return to 
Bologna he received in 1GG7, forwarded to him from Messina, a 
lettei- from Oldenburg the secretary to the newly established 
and almost feverishly actives Royal Society of London, inviting 
him to a philosophic corresiMndencc. That letter waft the 
beginning of a long and close intercourse between tht^ Italian 
philos<q)her and the English learned Society, om? fruit of wliich 
was that the Royal Society had the honour of publishing and 
of bearing the expense of fuiblioation of the greater part of 
Malpighi's works, in fact with some slight execiptions of all 
the works which he produced after his return to Bologna. 

Were I to attempt to do full justice t(» the memory of 
Malpighi I should liave to go far beyond the limits of the 
subject of th<.‘se l(‘ctures. He was the founder of, he opened 
u]> the path of inquiry in more than one branch of biological 
knowledge. He with the Englishman Neheiriiah drew laid the 
first sure foundatioiis of vegetable morphology. WliiU; at 
Messina, walking one day in the garden of his friend and 
patron the Viseonte Rutfo, snapping the branch of a chestnut 
tree? which overhung and obstructed the path along which the 
two fi’iends wore walking his attention was arrested by the 
va.sciilar bundles, projecting and hanging down from the broken 
end of the branch, ^fhis led him to study, and afterwards to 
writer an immortal book on the Anat()my of Plants. The first 
sketcli of this he sent to the Royal Society of London, which 
'feubsecpientl}' published the full work, and the day, December 7, 
1671, on which it was presented and read before the Society 
happened to be the day on which Grew presented to the 
Society his printed book ‘The Anatomy of Vegetables begun,’ 
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the order to print which had been given at a meeting of the 
Council 6f the Society in the previous May. The two inquirers 
struck upon the same ore, at the same time ; and to both credit 
is due. But everyone who has read the two works by the two 
men must acknowledge that while that of the Englishman is 
a sound piece of honest, arduous labour, that of the Italian, no 
less sound, though perhaps less abounding in valuable detail, 
shines, more than does the other, wdth the light of genius, and 
is nchcr than the other in philosophic insight. 

Malpighi mav also be regai*ded as, almost in the same 
degree, the founder of that gjeat and important branch of bio- 
logii al science which we call embryology. Lung ago Aristotle 
had seen and studied the chick forming in the egg. More 
recently as we have said Fabricius had examined and de- 
scribed at some length the same mysterious events. Harvey 
in his later years had given his mind to the probhun of 
the generation of animals. But none of these had gone very 
far. The first ade<{uate description of the long scries ol* elianges 
by which, as they melt the one into the other, like dissolving 
vi(nvs, the little white oj^aque spot in tlio egg is transformed 
into the feathered, living active bird, was given by Malpighi, 
And whore he left it, so for tlui most pai*t the matter remaiiiiid 
until even the present century. For this reason we may speak 
of him as the founder of embryology. 

He was also a zoologist, at least a comparative anatomist. 
Sur)*ounded as he was in Italy, and oven more st> in Sicily 
by cultivators of the silkworm, his correspondent Oldenburg, 
the secretary of thi' lloyal Society, had in his letter invited 
him '‘to make the Society acquainted with any observations 
*'made in Italy which he might think worthy of recounting, 
“and in particmlar observations on the silkworm and its 
“ economy.’' Malpighi accordingly devoted himself to an ex- 
haustive study of the silkworm in its various phases, examining 
not only its outward form but also the internal arrangement 
aTid the minute structure of all its viscera, leaving his name* 
as Malpighian tubules on certain of them, and tracing out 
the whole history of the creature from the egg to the perfect 
insect. The results at which he arrived he embodied in a 
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treatise presented in the form of a letter to the Royal Society, 
the first of his books published by that body. 

This was his ehi(d' work in comparative anatomy, a model 
work of supreme excellence, but he also made many other 
valuable observaiioiKS on various animals, vertebrate and in- 
vertebrate. 

Malpighi was no mere professor, his time was not spent 
wholly in the laboratoiy and lecturri room. He was actively 
engaged in healing thf‘ .sick, he was as familiar with Ihe 
phenomena of disease as with the phenomena of the healthy 
living being. He brought to b(?ar on the former tlui .same 
clear intellect which he turned towards the latter, seeking t(» 
find out (he <‘ause.s of the events which he witnessed. Ho 
was as bus}' in the [)ost-mortem room as in the dissecting 
theat re, and his writings on the characters ami causes of disease* 
justify us in claiming for him the merit of having laid the 
foundations of .scientific pathology. 

But it Ls not of Malpighi as botanist, as embryologist, as 
naturalist, as pathologist, or as biologist, for from his varied 
studies he stands out a.s tlie man who first of all others laid 
Hrm hold of the fundamental ju’inciple of the essential identity 
of vegidable and animal life, tliat 1 have h(U-e to speak. He was 
all th(^s(^, but he >vas also the first wlio calling into his aid the 
newly inventc'd microscope, opened up the way for a true grasj) 
of the minut(* structure of the tissues and organs of the animal 
botly, and in so doing ofxaied up also a new branch of physiology. 
He was the first hisi.ologist, and with the new histology came 
new ideas of the functions of many important parts of the body. 

T<.) Vb:salius, to Fabiicius ami to Harvey, wiio looked upon 
the animal body as compostid of a number of organs deftly 
joined together, the problems of physiology prcstaited themselves 
as a number of special problems of a mechanical natuie, capable 
of being solved by m(‘chanical methods, except in so far as, to 
use Vcsalins' words, the (jualities of the^ proper substance of 
♦each organ .sup[)lied the dcd.erniirung factor of its functions. 
The jnicroscope revealed to Malpighi features of structure 
transcending mere mechanical notions. He saw' that the tissues 
in their minuter .structure were governed by laws of their own, 
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by laws different from those which determined the iises of 
inachincfs ; and thus there came to him tlie new cor)(5tii)tion of 
an animal morphology. And his views broademed ns, while 
still regarding the study of man’s structure as his fii*st duty, he 
pushed his researches into the sti-ucture of many animals, 
vertebrate and invertebrate, and also of plants. All these 
studies more and more revealed to him general plans of struc- 
ture and common laws of growth. As Harvey had been h^d to 
ne'w views by studying the uses of animal organs viewed as 
machines, as Borelli had been led to other now views by 
regarding the phenomena of the animal body as subject to 
ordinary physical laws, so Malpighi was led to still other new 
views hy this now thought that the material of the living body 
was •subject to, and so its functions determ in(>d by, laws of 
structure proptu* to itself, laws which we now call morphological. 

^I^h(? first woik which ho published was thnt ‘On the Liings^ 
(J)e pal tnonibns obsevvafiones iiuntoniuute) in I (>()!, in the form 
of two letters to his frieaid and master Borelli, rlcscribing the 
results of an iiajuiry whi(*h he carri('d out at Bologna im- 
mediately aftei* his rc‘turn from Pisa. U[) to that time littl(‘ 
or nothing was known of the real stjiictun^ of tlie lung. It 
was spoken of as tleshy, ami its substance', which Kabi’icius had 
compared to tow, Avas held b* be a fKH'ons pui’enchyma, in whicli 
the ininnter divi.sions of the bloo<J vessels oii tin* om* hand and 
of the windpipe on the other were lost.. It was into the spaces 
of this porous fleshy parenchyma, as wo liave said, that \,ho 
blood of the pulmonary artery was suppos<.‘fl to be poured, 
thence to be gathered uj) l)y the b(?ginnings of tin* pulinonary 
veins. 

In these bi-iof epistles Malpiglii aniKaineed two discoveries 
of fundamental importance. Jn the fii*st l('tt(*r he describ(*d 
the vesicular nature of the lung and slu!wed how the divisions 
of the windpipe endi*d in tlu^ dilated air vesicles. Ho thus 
for the first time supplied an anatomical basis for the trm* 
conception of the res|iiratory process. 

In the same epistle he describes the network of blood 
vessels, of arteries and veins (it may be worthy of note that 
Malpighi always speaks of the pulmonary artery and pulmonary 
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vein«, the old term of the artery-like vein, and the vein-like 
artery having by this time beeoinc obsolete) winding Over the 
air vesicles, but he could not as yet (he was ao far working 
chiefly on the lungs of dogs) satisfy himself on the point 
whether or no the blood escaped from the minute arteries into 
empty spaces whence it found its way into the minute veins. 
A little later lie turned liis attention to the simpler lung of the 
frog, and in this he had the happiness, calling into his aid the 
microscope, to see that minute but definite channels, the 
channels which we now call capillaries, joiin'd the midings of 
the minute arteries to the beginnings of the minute* veins. 

In his second epistle to Borelli, after desci ibing, under the 
heading ‘ I see with my own eyc‘S a certain gieat thing,’ the 
appearances |)resent(‘d by the lung of the living frog extruded 
after the laying open of the body, which organ he says “is 
“ nothing else than a sort of membranous bhuhler which at first 
“sight seems to he sprinkled over with very little spots 
“ disposed in an onlerly fashion like the skin of the dog-fish, 
“commonly called Sagrino,” h(‘ thus continues: 

“ Something still more wonderful than the above appearances 
“ wliich redate to mere structure and build is disedosed by 
“ niicrosci)pie observation. For, while the heart is still beating, 
“two movements contrary in direction though accomplislied 
“with dihiciilty are observed in tlie vessels so that the circa- 
“ latioii of the blood is (dearly laid bani ; and indeed (he same 
“may be even more happily recognized in the mesentery and in 
“oth(3r Iarg(^r veins contained in the abdomen. And thus by 
“this impulse the blood is showered down in minutii streams 
“ through the arteries, after the fashion of a flood, into the 
“several cells, one or other conspicuous branch passing right 
“ through oi- leaving ufi* tliore, and the bloijd, thus repci'atedly 
“dividt^rl, loses its red colour, and, carried round in a sinuous 
“ manner, is poured out on all sides until it approaches the walls, 
“and the angles and the absorbing branches of the veins. 

'* “The power of the eye could not be carried further in 
“the opeM(?d living animal; hence 1 might have bolioveid 
“ that the blood itself escaped into an empty space and was 
“gathered up again by a gaping vessel and by the structure 
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“ of th^ walls. But an objection to this view was afforded 
“ by the movement of the blood bein^ tortuous and scattered 
“in different directions and by its being united again in a 
" determinate ]>ai t. My doubt was changed into certainty by 
“the dried lung of the frog which to a very marked extent had 
“ preserved the redness of the blood in very minute tracts (which 
“were afterwards found to be vessels) where by the help of our 
“ more perfect glass there met the eye no long(u* scattered ])oints 
“resembling the skin which is called Sagrino, but vessels joined 
“ together in a ring-liko fashion. And such is the wandering 
“ about of these vessels, as they proceed on this side from the 
“ vein and on the other side from the artery that the v(?ssels no 
“ longer maintain a straight direction, but there aj)pears a 
“network made up of the continuations of th() two vessels. 
“ This network not only occupies the whole area but extends 
“ to the walls, and is attached to tlm outgoing vessel, as I could 
“more abundantly and yet with greater difficulty see in the 
“oblong lung of the tortoise, whhdi is equally membranous and 
“transparent. Hence it was (dear to the senses that the blood 
“flowed away along tortuous vessels and was not poured into 
“spaces, but was always contained within tubules, and that its 
“dispersion is due to the multiple winding of the vessels. 
“ Nor is it a new thing in Nature to join to each other the 
“ terminal mouths of vessels, since the same obtains in the 
“intestines and other parts; and, indeed, what seems more 
“ wonderful, she joins together by a conspicuous anastorn<3sis 
“the upper and lower terminations of veins as the most learned 
“ Falloppius has very well observed. 

“ In order, however, that you may more easily grasp what 
“ I have just stated, and follow it with your own eyes, ligature 
“ with a thread at the spot where it joins the heart, the pro- 
“ truded and turgid lung of a frog whoso b(.»dy has been laid 
“open, doing this while a copious supply of blood is flowing 
“through the whole 'of it. 

“ This even when dried will preserve its vessels turgid with 
“ blood. And this you will sec exceedingly well if you examine 
“it with a microsc(3pe of a single lenvS against the horizontal 
“ sun. Or you may adopt another method of seeing these things. 
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“ You will place on a transparent plate the lung, illuminated from 
‘‘below by the light of a lamp conducted through a tube and 
“ 3 ^ou will bring to boar upon it a microscope of two lenses. In 
“ this way the vessels distributed in a ring-like fashion will be 
“disclosed to you. By the same arrangenuuit of the instrument 
“ and the light you will observe the inovcinont oi the blood in 
“ the vessels lying in the field of view. And you will yourself 
“ be abl(% with dilfereiit dcgixH^s of light which (escape descriptjon 
“ by the [ion, to devise other things. Coiuterning the nioveinont 
“of the blood, however, oih^ thing presents itself as worthy 
“of vour specul.ation. ddui auricUi and heart being ligatured 
“ and so all mf*vemont and impulse*, which might b(i conveyed from 
“the heart t.r> v(.‘ssels still coniuH*l<od with it b(*ing removed, 
“the blood still flows towards the heart along the veinS and 
“distends tlu se by its movement a?id copious sujiply ; and 
“this lasts for sc’.veral hours. At tlu^ end however, (^specinlly 
“if it be exposed to the sun’s rays, it is ni>t the subject of 
“the same contiinu'd movement but as it W(‘r(i of alternating 
“impulses; the blood, moving to and fro, [irognesses and tlien 
“roce(les along the sarm^ way. And this takes place also even 
“when the heart and auricle ha,ve b<»en removed from the body. 

“Turning therefore to the former probkmis demanding 
“ solution, it may, by analogy, and from the. simplicity whicli 
“Nature uses in all her works, bo couchulod from these results 
“ that that iietwork whicli I once tliought to bo nervous in natures 
“ is really a. vessel atlacluid to the ve.sicles and sinuses carrying 
“ tliither the mass of the blood or carrying the same away, and 
“ that although in the lungs of the more perfect animals a vessel 
“seems stunetirnes to h‘av(i off and to gape in the middle of the 
“ network of rings, yet it is [irobahlci that, as in the cells of the 
“ frog and the tortoise, the vessel in question is prolonged furtlicr 
“ into very small vessels after the form of a network, although 
“those on account of their extpiisite fineness esca[)e our senses.” 

This was the first observation of the capillaries. A few 
years later, in 1668, that patient and accurate Dutch observer 
Anton van Leeuwenhoek observed them in fishes and in 
amphibia, and gave a fuller description of them. With the clue 
thus given their presence was shewTi or taken for granted in all 
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other structures, and it soon becarno ackTiowle(l^ed that the 
circulation was a more complete^ nn'(rliaiiism even thaji Harvey 
had su[)posod, that the hloixl Howed in wholly closed channeLs 
from the heart through arteries, capillaries, and veins back to 
the hoarl again. A sound view of the? |n-oeessos of nutrition 
thus becarati possible, and it was xMalpiglii who iiivst found the 
missing link in the chain of Harvey's disenveiy. 

In a litth^ tract on the omcuitum, fat, and adipose ducts {l)e 
omento, jjinfjuedinej et adiposis dNctthus) publislii‘d foin* years 
later, in Hhio, in company witli thr(*e (»ther tracts of which I 
am about to speak, Malpighi re<^ords an observation wliich shews 
that he had hit upon another disco vrry t(»uching the blood; 
but he failed to lay hold of tin? meaning of what he saw. Up 
to this time the. redn<\ss of red hlood liad l)e<‘n sii[)])os(‘d to be 
diffused ov(‘r the whole fluid. Malpighi in dl^serihing the fat-cells, 
of which hofoiirnl the fat of the omentum to hecomposinl, states 
that, using the mieroscopi?, lie fancied he saw small flat rc'd cells 
in the mesenteric blood-v<‘ssels <.if the* hedgehog (his anatomical 
histoloirictd studies wen* carried out on almost all manner of 
animals). This is what he says: 

And 1 mys(^lf in the onientum of the In.'dgtdiog in a 
‘'blood vessel which ran from oiu' collection of fat to anotlier 
“opposite to it, saw glohuhjs of fat, of a. d('tinit(‘ outline, 
“reddish in colour. Tliey pres(*nfce<l a likeness to a chaplet 
“of red coral.” 

He mistook however tlie nature of what he saw. What 
evidently were blood eiu'jmseles he thought- to be i’at cells 
passing from the fatty tissue into iln^ ciureiil of tlie blood. 

Meanwhile in thus sem'ng red hlood eoi-puseles lie had been 
anticipated by the great. Dutch o}>s(;rv(‘r of minute, structures, 
Johannes S wan imer< lain of Amste*rdam. Tliat great work of 
patient coiiscieutious industry, Bihlia Naturae, though not 
published until i7oS, and then by Boeihaave, long after the 
authors death in 1080, contains the record of an observation 
made so early as 1 0o8, seven years before the appearance 
of Malpighi’s tract. Speaking of the blood of tlie frog he 
says : 

“ In the blood I perceived the serum in Avhich floated an 

• 7-2 . 
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“immense niimbor of rounded particles, possessing the shape of 
“as it wore a flat oval but nevertheless wholly regular. These 
“ particles seemed however to contain within themselves the 
“humour of other particles. When they were looked at sideways 
“ they resembled transparent rods as it were and many other 
“figures, acconling, no doubt, to the difterent ways in which 
“ they were rolled about in the serum of the blood. I remarked 
“ besides that the colour of the objects was thi? paler the u)ore 
“highly they were magnified by means of the microscope.’' 

After this we ow<> the first real accurate description of the 
red corpuscles to Ijceuwenhoek, who in 1(>74 in the Philosophical 
Transactions gav(* an account of the red blood corpuscles in man, 
and in various papers cai*efully described the blood corpuscles of 
diffenmt animals, shewing that while circular in mainmal& they 
arc oval in birds, frogs and fishes, aial j)roving that in all cases 
the rednfjss of blood is due to these re<l bodies. 

'The discovery of the capillaries and Uie first observation of 
red blood corpuscles were achievements ol* no mean value ; but 
still more important perhaps than those were Malpighi’s 
labours, many and varied, on the structuie of glands and 
glandular organs. 

liefoie 1 go on to speak of these however I must say a 
few words concerning two little tracts which he publishc'.d in 
16()5 during the lust year of his stay at Mes.sina, one on the 
tongue (De lingua emreitatio epistolica), addi-essed to Borolli, 
the othi.vr on the exteri\al organ of sense {De externo tactus 
organo exercifxitio epistolica), addressed to his Sicilian pati‘on 
Ruflb. 

Fabricins had made known the distinction between dermis 
and epid(jrmis. ’fhe papilke of th(^ tongue, being obvious 
structures, had long of course been known ; biit the general 
opinion was that they were organs secreting fluid and so 
helping to keep the mouth moist; and the papilla) of the 
skin were wholly unknown. 

Malpighi, beginning to work on the tongue but extending 
his researches to the skin, discovered that lower layer of the 
epidermis, the rete rnucosuni, which we more frecpiently now 
call after him the Malpighian layer. The fact that the surface 
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of the toiigtie, when well dried, remained dry when kept ex- 
tended 6iit of the mouth, shewed him that the papilla^ could 
not be structures whose purpose was to s(.*crete fluid. He 
traced the distribution of the nerves to them and concluded 
that they were organs of tfiste. Having arrived at this view, 
the thought occurred to him that the sense of touch might be 
served by similar organs in the skin whose general structure 
was so like that of the tongue. Knowing what to look for, he 
soon found that for which he was seeking. Ho was soon able 
to demonstrate the existence of papilla3 in the skin ; and the 
fact that they were most abundant in those regions in whii?h 
the sense of touch was most acute convinced him that he had 
in them discovered the organs of touch. 

At the same time he jmblished also in a lettcu' to his old 
fellow student at llologna, Fracassato, a tract on the anatomy 
of the brain {De cerebro exeroitntio epistolica). An important 
work on this subject had in 1004 been published by the 
Englishman Willis, whose name reinains to us in the term 
‘circle of Willis.’ That book, <»f which as well as of other 
labours of Willis I hope to speak in the proper place, contains 
much that is valuable, but it was as yet unknown to Malpighi, 
whose results were arrives 1 at independently. 

Ill this tract lie shews with the help of the microscopoi that 
the wdiite matter consists of round but flattened little fibres 
arranged in buiulles whose course is diHicult to follow, but 
which in any case form tracts connecting the suiface of the 
brain with various regions of the s[>inal cord. He furtlier 
shews that the grey matter is not confined to the surface of the 
brain where it is called cortex, but exists in scattereil masses 
in the interior, disposed around the ventricles, and along the 
spinal cord. The nature of this grey matter he is in this 
tract unwilling to define exactly, but when he returned to the 
subject a little later he concluded that it was of a glandular 
nature. 

\. 

In this he was misled by his success in investigating* 
the glandular organs in general, the results of his inquiries 
into which were published in 1666, the year he left Messina, 
under the title of De viscerum struciura exercitatio anatomica. 
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To tlu'sc researches we must now turn ; and may here fitly 
consider toge ther with llalpighis lahours those of other men 
studying the snine subject. 

F«»r tliis purpose it will be w(dl to go back a little and pass 
in briof review what were the views held iji the days l)ofore 
Harvey concerning the tunetions of tlie structures known as 
glanils. Under th(^ ttirm gland however many of th€> older 
writt,*rs inelvided also main’' otlnu' organs, such as the brain and 
the tongue, in fact almost all the viscera except the heart and 
alimentary canal ; for thtur point of vie\v was that of gross 
anatomy, not liki: ours that of ))liy.siol()gy. 

Of these glaiuls attention was directed chiefly to three, the 
liver, the spleen, and the kidneys. 

The functions of tin? kidinw stienu'd in sonn' res p(;cts fairly 
simple. Am])ly supplied with both v<?ins and arteries, the 
substance of the kidney, strained oft* ns Vesalins says from the 
blood not only of the v(dns, but also of tin? arteries, some but 
not all of the serosity ; and this gathered in the pelvis of the 
kidney as urine wus <‘ori<lu(*t(*d by tin? ureters to the bladder. 
The great ditliculty w\‘is to understand bow tlie substance of the 
kidney, dense and linn, most like tin? substance of the heart, 
sjxys Vi?salius, though destitute of fibnss of its own, these being 
supplied only by its owui arteries, veins anti nervt?s, could eliect 
this straining. 

The functions of thi? livtu* too seemed tt) the men of those 
times to be fairly well understood by them ; the view which 
they took was soim?whal as folhovs. The vena porta? carried 
to tin? liver nutritive inatej’ial gathered up from the stomach 
and intestines, ainl by the excessive branching within the 
liver brought that material within the grasp of the soft 
parenchymatous hojiatic substance. Hy bel|) of this substance 
a coiicocrion was i?lfected, a soi*t of fermentation was carried 
on. Ill some such way as the crude Juice of the grape is 
fermented into wine, with the separation on one hand of the 
’heavier fa‘x whicli settles to the bottom, and of the lighter foam 
which rises to the to[», so the criuh? gross blood of the vena 
portse was purified by the hepatic substance into the purer 
blood which made its way by the vena cava to the iieart, through 
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the separation of two impurities. Of tliese the one, the lighter 
one, cofrespontling to the foam or yeast of fermenting Tinist, 
escaped as yellow l)ile into the mi mite hcgiimings of the l>ili;vry 
duct, and was thence carried to the gall-hladdm*, from vvhitdi it 
from time to time escaped into the diiodenunL The other, the 
heavier muddy impurity, passeil back as black bile, according 
to common belief Vesalius says, meaning tliereby that, hi^ did 
not believe it, to the spleen, being carried thither by the 
veins. 

About tlie spleen itself tliere was more divergence of 
opinion. Admilting that the black bile carrii'd to it from 
the liver was by the substance of tlui splee n acted upon and 
altered in some way, authorities were not agreed as to wliat 
follo^ved. Most were of opinion that black l>ih‘ acted u|)on by 
the spleen was" poured into the stomach, and so [lassiiig thi-ongh 
the intestine was dise.harged with the faictjs, having in the 
stomach, if not along the intestine, served some useful purpose. 
But while some maintained that there was a definite (*anal, 
leading from the splemi to the stomach, ami indt.‘ed to the 
cardiac emi of the stomach, along whicli this inodifleil black 
bile passed, otliers sui)posed it to ha carried liy veins. Vesalius 
is very sarcastic over both one and the other of these as well as 
over other views of tins matter, and s(N>tfs at those* who are 
anatomists liy imagination and not by dissection. He obviously 
did not believe in any passage* of material at all from thc^ sph^en 
to tlie stomacli, wlu^ther by a special duct or by tlie veins. Ihit 
the view was in one form or other very generally adopted ; it 
served as the theoretic basis of medical practice, a.nd is still 
preserved in tln^ popular phrase of suliei ing from the spl<‘(‘n. 

Other glandular bodies such as the j)ancreas, the s;divary 
glands, the thymus and the thyroid, were known, as well ;rs the 
lymphatic glands scatteiuid over ditferent parts of the body ; 
little attention however was paid to these. Ncather salivary 
glands nor pancreas were known to possess duets; and all the.se 
varied bodies were regarded, if noticed at all, from the sarm? 
point of view. 

It will bo remembered that before the establislimeut of 
Harvey s views blood was supposed to be carried by tlie veins 
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to organs as well as from organs; and the ideas just sketched 
were in huge measure based on the assumption of this^double 
venous flow and ebb, to and fro. Hence, when the proof 
came that in each organ blood flowed lo the organ through 
the ar teries alone, through the organ from the arteric^s to the 
veins, and away from the organs along thfi veins always in one 
direction ail these old views demanded reconsideration. 

We shall have to consider some of the glands again from 
the point of view of the uses of their juices, when we come lo 
discuss the development of the more chemical side of physiology. 
Moanwlule we may treat them from the point of view of the 
mechanism of secretion and of the relation of this to the vascular 
system ; this was the point of view of Malpighi, who entered 
very slightly, indeed hardly at all, in the discussion of chen^ical 
problems. 

The first step was taken by John George Wirsung, who 
though a Bavarian by birth hold in the middle of the seven- 
teenth century the once so famous chair of Anatomy at Padua. 
In a letter to Riolan dated 164J, he d(*scribed the duct of the 
pancreas which he had discovered the year before. He speaks 
of its entrance into the duodenum close to the mouth of the 
biliary duet, and of its ramifications in the l)ody of tlie pancreas. 
Ho says that he found it easy to pass a .style through from the 
body of the gland into the duodenum, but difficult to pass the 
style from the duodenum into the duct, that the duct is present 
in man at all ages, that ho found it in all the animals which he 
had examined, and that it could not be either an artery or a 
vein, since it never contained blood, but on the contrary was 
often filled with a nearly colourless fluid which like bile stained 
a silver style. 

Wirsung’s pupil John Maurice Hofmann claimed the dis- 
covery as his own, as one made by himself and laid hold of 
by his master; but there is no satisfactory evidence of this. 
Wirsung met some years alterwards with a tragic death, being 
shot as he was entering his house at night ; the legend states 
that a quarrel about the discovery of the duct was the cause 
of the murder, but it seems to have been the result of some 
private grudge. 
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Wirsuiig never followed up his discovery of the pancreatic 
by any study of the function of glands; and the new fiict 
remained, so fer as hcj was concerned, barren. 

The next step was taken by the Englishm.*in Thomas 
Wharton, who, born in 1614, seems to have carried out his 
medical studies exclusively in Loudon, where ho subseipiently 
practised as a physician, being a great friend and ally ol' ( ilisson. 
In 1656 he published under the title of AdfUKHp'ajjhiay an 
exhaustive trc^atise on glands, the outcome of the anatomical 
lectures which he had given at the College of Physicians in 
1652. In this he describes the anatomy, i.e. tlie external form 
and naked eye structure (for he does not seem to have used the 
microscope), and especially the arrangement of nerves, blood 
vessels and lympliatics, of all tho.so organs in the body which he 
called glands, including in that term the braiii and tongue. In 
the course of his description ho gives an account of the discovery 
which he had made of the duct of the submaxillary gland, the 
duct which has since borne his name. He insists that by this duct 
real saliva, not mere j)hlegm or rnmais, is discharged into the 
mouth. He also developes a theory of the use of glands, both 
of those having a duct and ot those having non(\ wliich is worth 
noticing as illu-strating some of the views of the perio<l. While 
not denying that the blood brought to the gland by the arteries 
supplied the gland with material, and, in tin? case of a gland 
with a duct, furnished a part at least of the juice, he attached 
much greater importance to the nerves, and to the miccus 
nerveuSy which they carried ; ho like Bort^lli and others adopts 
this new ttjrm for the old animal spirits. He points out that 
most glands are richly provided with nerves, and argues that 
these nerves play one or other or both of two parts. They 
either give up .something by the rem«>val of which the .sucens 
nerv(‘.us is purified, the too great humidity of the nerves being 
thus lessened, the matter .so transferred from the nerves to the 
gland leaving the gland by its duct, or in the absence of 
a duct, by the veins or lymphatics; or they take something* 
from the gland by which means the succus nerveus is fortified. 

It is obvious that Wliarton was fin* fiv)m grasping the 
true meaning of his remarkable discovery. 
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The next step wus taken by Nicolas Stensen. in Latin, 
Nicolans Steno, the Dane of wlioin 1 have already spoken, and 
who in discover(‘d and in the following year (leseribed the 
duct of the parotid gland, since called by his name. 

liefore speaking of this part of Stensen’s work, I should like 
to say a few words about the life of tluKS remarkable man. 

Born at Copenhagen on January 10, 1()38, his fiither being 
a court jowi'llei-, zealous beyond measure in Lutheran doctrines, 
he studied iruulical subjects fust in his native city under 
Bartholin, Avho assisted largely in the development of the 
knowh.'dge of th(‘ lymphatii's then taking place, subsequently 
at Leyden under Sylvius, of wliom 1 shall later on have to 
speak, and later on under Blasius at Amsterdam. It was 
while at work dissecting in the house of the latter that he 
made his discovery of the duct. 

His studies however ha<l not been narrowly m(‘dical ; as 
shewn by his work on muscle of which we s)K)ke, he had laid 
a firm hold on t[u‘ new mathematical and physical learning. 

After publishing in Avhile as yet a young man of 

twenty -fi.uir yisars, his Ohservationes Anafvnimv relating his 
discovery of the parotid duct, he travelled mucli iu Germany, 
Franco, and otlier countri<?s, mixing with learned imui, learning 
not ii little and also t('aching not a little wheix^’er he went. It 
is said that at Ba?-is he attracted the attention of the gi*eat 
BossiU't, who d(‘sired to convert him to the ( -atholic religion, 
but Steiisen told Ijim that he was iar too hu'^ily occupied with 
science to he able to attend to suc.h matters. At one of his 
VLsits to Paris he was invitc‘d to delivoj’ at a meeting ol* learned 
men held in the house of Thevenot, a discourse on the Anatomy 
of the Brain. In this <liscourse, published iu lOdl), which we 
have aheady quoted, he criticizes in a fearhiss and s(*verc 
manner, from the {)oint of view of the exact anatomist and 
physiologist, the fanciful and populai- view^s put forth by 
Descartes. 

After a w hile, in 1660, he came to Italy, staying some time 
in Padua, arul tluui going on to Pisa. Hero ha attracted so 
much attention that Ferdinand .II. invited him to Florence to 
be Court Physician, a post iu wdjich Cosinio III. on his sue- 
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cession conhrmed him, entrusting him at the same time with 
the edutjation of his children. 

While thus ejigaged, still working at physiolugy, ho turned 
his versatile mind to other [u-oblems as woll, to Itiose of 
(X)mparative anatomy, and csju'cially to those of the intant, 
induced liardly as yet born scienct^ of geology. Mis work Ue 
soLido intra soUduni is thought by geologists to be a biilliant 
etfort towards the beginning of their sei(mc(\ 

■ In Ib72 he ndiurned for a. wldh* to liis native city of 
Copenhagen, hut within two yi‘ars he was hack again at 
Florenct*. ; and then there came to him, whiK* as yet a young 
man of some thirty-six summers, a sudden and |>njfound change 
in his life. 

Iji his early days he had heard much, tof> miieh [XThaps, of 
the cloctrint's of ljuthei*. Probably lie had bixm re})elled by 
the aust(;'i-e devotion which rule<l the ]»at(a'ual roof. And, as 
his answer to Bossiiet shews, his university lib* and studies, his 
intercourse with the active intellects of many lands, and his 
])assion for impiii'y into natural knowdt.‘dge had freixl him from 
passive obedience to dogma. He (h)ul)lless, as <lid many others 
of his time, looked u|)on hims(df as one of the enlightened, as 
one raised abovci the barnai theological (juestions which were 
moving tlu; min<ls of lesser imm. 

One day howawei' visiting at Floriaiee tlie pharmacy 
attached to 8ant.a Maria Nr»v(dlo (tin* same pharnuu'y at whieli 
to-day >ou may buy orris root and other pr<‘parations), in order 
to purcliase some drug, the holy brothoi- who sold him the 
medicine \\)Y the body (li-oppcxl some \vords about th(‘ r(im(!dies 
for the soul. The stray arrow entered lxd)ween the joints of 
the harness. New thoughts were stirred up in the mind of 
the man of science and of the Avorhl ; aiul within a y(?ar, to 
the astonishimmt of Ins friends, and to the dismay of all 
friends of the new learning, he forsook all his old studies, 
gave up all iiupiiry into the works of nature, and by taking 
orders solemnly devoted himself henceforward to the works of 
God and religion. 

A convert of such ])owers and of such a taiiK* could not but 
be warmly received by the Church; and in 1677, receiving the 
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titular honour of Bishop of Titiopolis in Greece, he was sent as 
Vicar Apostolic to tlu' nortliern countries of Europt^ in the 
hope that ho miglit win back to the true hiitli many of the 
erriny^ ones in the land in which he had been born and bred. 

Led apparently by tlic tliouglit that he might turn the old 
weapons which he had wielded so well to the use of his now 
purposes, he he^an once move to teach anatomy in his native 
city of Co}»enhag(‘n, the strange position of a Catholic Bishop 
professing a mundane subject in a heretic university being 
accepted by the authorities, and approved by the (Jhurch. But 
the position was false as well as strange; the changed voice no 
longer as of old spoke with authority and power; the zeal for 
knowledge whicdi had in old days charmed men as they 
listened to him, no longer made itself felt ; and zeal for good, 
however fervent, could not take its ])lacc. Stensen soon saw 
that it was hilse ; he gave up wholly all such attempts to work 
his old life iuto his new calling. Resigning his chair ho hence- 
forward devoted himself to the more usual duties of a priest. 
For nine years he lived in (Jermany, first at Hanover and then 
at Schwerin, a life of severe self-denial, labouring constantly 
for the welfare of the poor, with no thought but that of 
winning souls for the Church. The privations which he laid 
upon himself, and the toils which he underwent for others, 
were too much for the body, which luid once filled so much of 
his thoughts, and which he now held as a thing of nought. 
He wore himself to death; and iu 1686 at the relatively early 
age of forty-eight passed away. The brilliant achievements of 
his early days and the sanctity of his later life made his name 
in different ways precious at Florence ; and at tlie (lommand of 
the Duke of Tuscany the emaciated corpse of one who had 
been at once an apostle of science and a martyr to the calls of 
religion wiis brought back to Florence ami buried with public 
honours in the city fitted perhaps above all others to receive it, 
as being, like the dead one, at once famous for learning and 
zealous for the Church, 

vStensen gives a graphic description of his discovery of the 
parotid duct, lie relates liow, while he was residing with and 
studying under Blasius, one morning, when he was engaged in 
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dissecting the head of a sheep and examining the parotid gland, 
the styfe which ho was using, inserted chance it would seem 
into an opening in the duct, slipped easily down and struck with 
a sharp clink against the teeth ; he recognized that he had dis- 
covered. the duct of tlic gland. Wharton as wo have seen liad 
just before discovered the submaxillary duct; but tlu; two men 
made very different uses of their two discoveries. Wliarton 
blundered, led away by current ideas of tlie nerves and their 
animal spirits. Stensen, who had learnt from his master Sylvius 
of Leyden the distinction between conglomerate glands, such as 
the salivary glands and the pancreas, and conglobate glands, 
such as the lymj)hatics, laid hold of the idea that the I'ormer 
were secretory glands and hence muvst all liave ducts. He soon 
fourTd the duct of the sublingual gland, as W(dl also as thost* of 
the small buccal glands, and cleared up the problem of the 
secretion of tears by the lachrymal gland, corKci-niiig which 
in spite of the lead given by older anatomists there was as 
yet much confusion. Further so far as he was aide:', seeing that 
he appears to have used the simple lens (‘Jiiofiy and the micro- 
scope very little if at all, and that he had as yet no knowledge 
of the capillaries, he farmed a conception ol' the process of 
secretion wldcli went very near to the truth and s(irved as 
a useful basis for further inquiry. 

He recognized that the material for the producUdon of saliva 
or of any other secretion of a secreting gland is brought by the 
blood of the arteries and is given up in the substance of the 
gland to the Ix'.ginnirigs of the duct, as the blood is passing 
from the arteries to the veins by which it leaves th(i gland. He 
seems to have wanted only a knowledge of the minute micro- 
scopic structure of the gland, and of the relation of the 
capillaries to the secreting vesicles; had he possessed these he 
might have given an account of the process such as would be 
accepted even at the present day. As it is, his views stand in 
bright contrast to those of Wharton. Nerves, he says, serve 
only for movement or for vsensation, and the nerves of a glaiJd 
are of use for these purposes only. He speculates how the 
action of the nerves by inducing movement can affect the flow 
of saliva, and throws out the idea that it may be by bringing 
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about constriction of the veins, since this by opposing the flow 
of blood would throw more inatorial into the beginnings of the 
duct. 

Ho is very clear :is to the essential difference in nature 
between the conglomerate (secreting) glands provided with 
ducts and the conglobate (lymphatic) ductless glatids, and 
points out that lymph flows only from the former, whereas 
it Hows to and through the latter on its way to the veiiQus 
system. 

In yet another organ another discovm-y, an important aid to 
the <loctrin(' of secretion, was mad(i about this tim*?. 

In the year IG02 a pupil of Borelli’s, one Lauren tio Bellini, 
a Florentine nf good family, whether or no related to tin? great 
Vcn(‘tian paintfU’s 1 ennnot ttHI, ])ul)lished a little tract l)e 
striictura vfnntni. He \vas then a men' youth of 19 years. 
The Duke of Tuscany had si*nt to Bon'lli n, de(u* to l )0 used 
for anatomical pur[)o.ses, and Bellini, under Borelli’s guidance, 
carefully lexanvined the kidneys. He then saw what no one 
had se(;i.i before, that tlie std>stan<!e ul‘ t he kidney was (;omposc?d 
of minute tubules, urinary canaliculi, radiating from the pelvis 
towards the surface. Eustachiiis lia<] se(Ui something of these, 
but he desciil)(?d them as 'fuscous sulci’: it was B('lliui who 
really grfis|)ed t.h(iir nature, and these straight tiibuli urinifori 
(for he <lid not distinguish between the twisted and the straight 
tubuhis) have sinct'. b<*en known by his name. He de.‘^o.ril)ed 
the tubules as opeming into the pelvis of tlie kidney, and guided 
by the mind of his mast.er Iku'elli expounded a physical theory 
of the secretion of urine. The minute arteries, he says, 
discharge their contoiit.s into spaces in the parenchyma of the 
kidney, whence tlie aipioous serosity of tlie blo«>d passes into 
the beginnings of tlie urinary canaliculi, while the rest of the 
blood finds its way out by the veins. The selection of the one 
path and of the other is determined by the size and configura- 
tion of the particles; those of the aqueous. serosity fit into the 
ftanals of the canaliculi, those of the rest of the blood do not. 
Wo see here a typical instance of the mechanical theories of 
physiological events of which the master Borelli was so prolific. 

For a wliilo Professor of Anatomy at Pisa, later on Bellini 
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became physician to ( -osimo III. at Florence. He wrote several 
books and acn^ii ved fame and fortune : but this discovery of 
the urinary tubules, made in his teens, was his chief, perhaps 
wo may say his only valuable contribution to physiology, and 
in this the hand with which he wrought was the hand of 
Bore Hi. 

Lastly it must not be forgotten that in 105*1 (llisson, to 
wbom I have already referred, ami of whom 1 shall have to 
speak more fully in a subse<|uent Lecture, |)ublishe<l his work 
on tlie Liver. Jn that work ho gave a very caieful desciiption 
of the anatomy of that organ, which though set. forth in some- 
what cumbrous, academic fashion, rnadi* a valuahle conti ibutioii 
to our knowledge, especially perhaps in all thfit relates to tlje 
distribution of J.he vess(?Ls. \Vc at tho, present, day call tln^se. 
researches to mind when we sjieak of (Bisson's capsule, a 
structure which he was the first accurately to d(‘scribe. This 
is whai lie says: '‘This structure was wholly unknown to the 
“ancients and therefore has hitherto Ihm'u witliont. a name. I 
''was the first (unless 1 a,m mistaken) to discovt-.r it, whicdi 
“T did twelve years ago when, at the mandate of the (Jollege 
“of Physicians of London, I dr‘liv<n’e(] a course of public 
"lectures, and in pre])arati(»n of that course removed the 
“paremdiyma from the livers of a largo numlxM’ of animals.’' 
Ami he describes his nuithod of tediously scra|>ing away the 
parenchyma. So far however as the* inlimate structure, of the 
secreting substance of tlic liver is concerned he left much 
untouched, much indeed that he could nf>t touch, seeing that 
ho made apparently J)o use of the mici*os(;opc\ He admits that 
the panmehyrna of the liver is the principal ])art since all other 
structures seem simply suhsiuvieut to it, and speaks of it as 
exercising a straining action, of serving the purposes of a filter; 
but Vesalius had done this long before him. It strains off on 
the one hand the bile,, and on the other hand the pure blood ; 
and the filtration or>ieparation of the two humours takes place 
he says in the following way; "It is very probable that parts 
“ or particles of which the parenchyma is cornposiMl are of 
“ different natures so as to be allied on the one hand to one of 
" the humours to be secreted (the bile), and on the other hand 
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“to the other humour (the pure blood). Whence it comes 
“about that tliosc liuiuours suit themselves to those parts 
“with which they have the greatest likeness and affinity. 
“And that is the beginning of the secretion of them. The 
“ particles for instance wliich have the greatest affinity to the 
“bile humour attraet this to themselves, and then pass it on 
“ to the tirst beginnings of the biliary duct. In like manner 
“ those particles whoso business lies especially with the pjire 
“blood attract this to themselves, and then carry it to the 
“capillary roots of the vena cava/' 

Hence when during his stay at Messina Malpighi was 
studying the structure of the viscera, the results of which 
study he did not however publish until his return to Bologna 
in 1666, he had before him the striking new discoveries of 
which f have just spoken, namely the discovery of the pan- 
creatic duct in 1642 by Wirsiing, of the submaxillary duct in 
1652-6 by Wharton, of the parotid and other ducts in 1661 by 
Stenson, and of tlie structure of the kidney in 1662 by Bellini. 
He was also acquainted with the distinction between con- 
glomerate and conglobate glands made by Sylvius, as well as 
with the researches of Glisson on the liver and of Stensen on 
glands in general. 

What use did he make of these, and how much further did 
he carry us ? 

Malpighi s book on the viscera contains an account of the 
study of four organs, the spleen, the kidney, the liver, and the 
cortex of the brain. 

Wo may say at once that in his tract on the cerebral cortex 
he shewed that he was not infallible ; carried too far by the 
enthusiasm for glandular sti-uctures which the works just 
mentioned had excited, he maintained that the cortex of the 
brain was also glandular; be described the superficial grey 
matter as glands hanging on to the strands of the white fibres 
like the fruit of the date palm. v 

In his tract on the liver he modestly says that Glisson had 
left him little to say, and yet the little which he did say was of 
prime importance. He for the first time shewed that the liver 
was constructed after the fashion of a conglomerate secreting 
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gland, that its substance was arranged in small masses essen- 
tially like those of which a conglomerate gland such as the 
pancreas was itiade up; to these he gave the namt^ ol‘ acini. 
Henceforward the mystery which had for so long hung over the 
liver was cleared away: ihn liver secreted bile after the same 
fashion that the parotid ajid submaxillary glands secreted saliva. 

This is what he says : 

“ Since in the higher, more perfect, red-blooded animals, the 
“simplicity of their structure is wont to be involved by man}’ 

“ obscurities, it is necessary that we should approach the subject 
“by the ohservatioii of the lower, impeifect animals/’ He ac- 
cordingly 8tudi<^s in the snail the organ “ winch by its position 
“and the connection of its vessels obviously fulfils tlie natui*e 
“ and .function of a liver.” This he finds “to be divided into 
“a number of lobules, possessing not so much a spljcrica] as 
“a conical outline. Nor is Nature content to have madcj use 
“of such a division merely: but, in a most liberal manner, has 
“established a fui'ther division into very small pai'ts, visible 
“only by the aid of the miei-oscope. For ea(jh of the lobules 
“just described is made uy) of small rounde/1 bodies, like berries 
“(acini) crowded togetluu* after the fashion of a bunch of 
“ graj)(\s, and ccu\necied with the whole lobule by means of 
“ vessels/’ 

He traces out a similar structure in other animals, in fishes, 
reptiles, mammals, and finally in man, {pointing out that these 
struct ural features had been dimly s<*en by others, as by (Jllissoii, 
who, most accurate observer though ho was, was so carried 
away by his preconceived idt^a of the c(uitinuity of tlie yiaren- 
chyina of the liver, as to refuse to see what was eli.-arl}^ before 
his eyes. And he thus sums up : 

“ In constructing tin.* liver the following seciins to be the 
“constant method of Nature, The vessels in tlie liver are 
“distributed in branches (iarried hither and thir.her in the 
“common sheath obs(*rved by Glisson, in a manner I .say 
“similar to that whicJi we see in the lung. Around the ends* 
“ of each of the vessels, even the slender ones, are attached 
“lobules maintaining for the most [lart a conical outline, 
“not unlike that arising from the division of parts already 
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“described as existing in the Inngs ; and we may observe 
“a similar aiTangcment in the pan<*roas and other conglomerate 



“These lobules are clothed with an investing membrane 
“ of their own, and ai’e joined togetlior by membranous ties 
“carried across from one to the other, so that only very small 
“ intei-mediate spaces or clefts appear between the sides of the 
“ lobules which are so adapted to each othei* that no interruption 
“between them either great or small arises, the size, position 
“and adnpt.ation of the cones being changed as recpiired. We 
“have shown the same thing more clearly in the lungs. ]t is 
“to be observed however, that the outline of the lobules is not 
“ the same in all animals, but varies within very wide limits. 

***** 

“The glandular acini of Avhich each lobule is composed, 
“since they have a special circumscription, possess an outline 
“of their own, which is for the most part hexagonal or poly- 
“gonal. H(uico they necessarily are joined to each other by 
“special membranous ties in a<Jdition to the vascular branches; 
“and certain interstices occur between them which are (juitc 
“ conspiciinus in hsh(‘s and other lower animals, but are obscure 
“in the higher animals. 

“ To each of these lobules, even to the vt^ry small ones, as 
“ may actually be observed or inferred from a variety of facts, 
“are carried numerous branches of vessels. For the divisions 
“ of the vena cava, of the vena portte, and of the bile-duct 
“ramify continuously throughout the whole mass of the liver, 
“as Glisson, in that work of his on the liver which cannot be 
“ too higlily praised, has very clearly shewn. In the lobules 
“ which constitute the outside surface of the liver, the blood 
“ vessel, spreading out from a centre ramifies in all directions 
“ over the whole periphery, sending forth bifurcating branches 
“by which the whole lobule is irrigated. And the same can 
“(not) be doubted concerning the deeper })arts. For although 
“ the actual eye of sense cannot, especially in the higher 
“animals, reach the extreme ends of the vessels which open 
“ on to the glandular acini, yet we may follow them adequately 
“ with the eye of reason. For the w'holc mass of the liver is 
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'‘composed of these two factors, namely, the glandular acini, 
“and the different terminations of the vessels. Wherefore in 
“order that some common result may issue from this, some 
“intercourse between the glamhdar elements and the vessels 
“ must pecessarily take place. 

“Moreover, in the liver Nature follows this rule that the 
“branches of the vena portae play the part of arteries, as is 
“indicated by the complexity of their coats; and so closely 
“is the vena portse associated and connected with the bile- 
“ duct that the small divisions of both of them are closely 
“wrapped together in the same sh(?ath.” 

He concludes that both observation and reason shew that 
the liver is to be regarded as a conglomerate gland, such as is 
the pancreas. And “since it is a feature of conglomerate 
“glands that they possess an excretory vessel of their own,” 
as Sylvius and Steno have shewn, “ since this is the rule of 
“nature in the parotid, in the pancreas, in tln^ salivary glands, 
“ the sweat glands, the lacrymal glands and others, since in 
“ these dispersed through their proper substance there may be 
“seen a special vessel distinct from the other ordinary vcnssels, 
“such as veins, arteries and ruuwos, a similar structure must be 
“ looked for in the liver.” He infers that the bile-du(jt is the 
proper excretory duct of thi^ li^er. 

He had to (‘ontend against a heresy recently put forth that 
the bile was secreted, not in the liver itself but in the gall- 
bladder by means of the blood vessels and membranes of that 
organ, and that it was carried thence to the liver to aid in the 
process of sanguification. Against such a view all the above 
anatomical results afforded irresistible arguments; but he 
clenched these by a vivisectional experiment. Laying open 
a kitten, he tied the common bile-duct close to its entrance 
into the duodenum, and by a median incision emptied the gall- 
bladder. In a short time the common duct and the bile-duct 
were filled with bile. , He then put a ligature round the neck 
of the gall-bladder ; the common duct and the bile-duct were 
still full of bile, and when with his finger he tried to press 
back their contents towards the liver, they returned with force 
when the finger was removed. 


8—2 
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H(i thus concludes : 

“ Among various ijuestions which arise out of the di.^coveries 
“ which have been described, two stand out j^rominent. By 
"‘what mechanism is the bile separated in the glandular acini 
“of the liver, and what is the use of bile in the economy? 
“ The illustrious Pecijuet has made many deductions from the 
“ princi])les of mechanics concerning the former ; since, however, 
“ the structure of the acinus is so minute that it cannot be 
“laid bsre by even the very best microscope, we can only 
“ have recourse to hypotheses and to tlui working of similar 
“ mechanisms in attempting to explain tliis.” And such a 
labour he does not propose to take up. 

As to the use of the bile he can only say “ that it is 
“probable that afttu- the tbod has been triturated (in the 
“ stomach) juices of a different nature are poured upon it from 
“the glands of the liver and from the pancreas, for a purpose 
“not unlike that which appears in the cooking of food when 
“out of sweet, sour, and salt things mixed together, a new 
“composition and a now taste are developed. Let the wide 
“ industry of others carry matters further, 1 am contented to 
“have described the simjde and rude structure of the liver.'' 

The description itself, however, was neither simple nor 
rude. It brought (dear light to what before was wholly dark 
or, at least, most obscure; and Avhere Malpighi loft the matter, 
there it remained, with little change, until the present century. 

lu his tract on the kidney he went far beyond Bellini. He 
shewed that in man at least the kidney really consisted of 
several kidneys, and that the several coiistitinmt kidneys might 
be distinguished as masses of Bellini's tubules arranged in the 
form of pyramids, the pyrami<ls since known as the pyramids 
of Malpighi. He shewed how in each pyramid Bellini s tubules 
ended in orifices at the summit of the papilla wliich formed 
the apex of the pyramid, and further how in the cortex of the 
kidney the tubules were not straight as^ Bellini had described 
them, but curiously and irrcjgularly twistcid. Lastly he pointed 
out how many at least of these tubules began as inflated 
swellings or capsules, “ round like the eggs of fishes,'’ and how 
these capsules contained a knot of blood vessels, and so hung 
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on to the small arteries as “apples hang on to the branches of 
a tree.”" And jjie stated his conviction that these capsules, which 
have ever since borne his name, must play an important part in 
the secretion of urine. 

Tlius in 1666 Malpighi had arrived at a clear conception of 
the structure of the kidney. And the world had long to wait 
for any further large addition to our knowledge on this score. 
It is true that we owe a minuter knowledge of the distribution 
of the renal blood vessels to the skilled injections of Ruysch, 
who, born in 1638 and called to the chair of Anatomy at 
Amsterdam while Malpighi was at Messina, lived a life prolific 
in work far on in the next century, until 1781, work which was 
partly, and so far wrongly, directed towards undoing what 
Malpighi had done, making the blood vessels the agents 
instead of the aids of secretion. It is also true that Antoine 
Fcrrein, Professor at Montpellier ami at Paris, made, nearly a 
century later, in 1749, in company with many errors, and these 
very great ones, a slight contribution t:o our knowledge when 
he described the rays of straight tubules shooting up into 
the cortex, since known as the pyramids of Ferreiri. Putting 
aside liowover these two things, we may almost say that our 
knowledge <if the kidney remained where Malpighi left it, 
until in the generation which has just passed away Pownian 
took up the subject again. 

Lastly, in his tract on the spleen, that organ to which in 
the past so much honour had been paid, to which had been 
attributed so many and such varied imd important duties, 
Malpighi brought into a region thick with the mists and (blonds 
of indistinct theories and speculation the dry light of exact 
inquiry; and the mists and clouds forthwith dispersed. 

He gave a careful desci ij)tioii of its structure, of its capsule, 
trabeculae and puly>, and of its blood vessels and nerves. The 
trabeculae he at first suspected to be nervous in character, but 
he soon recognised that in many animals they were museuhir or 
at least contractile. “ The fibres” (i.e. the trabeculce), he says, “of 
“ the spleen are not, as I once thought, nervous but fleshy, so that 
“ by means of the external fleshy capsule and the fibres carried 
“ transversely from it is formed a remarkable muscle com- 
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“ pressing the chambers of the spleen, in structure and fashion 
“ not unlike what is seen in the larger auricles of the heart/* 
He thus shewed that the spleen was not a gland, either 
conglomerate or conglobate, but a contractile vascular organ 
such as wo now recognize it to be. But he also recognized the 
possibility of changes of a peculiar nature taking place in the 
spleen piilj) filling up the chambers just alluded to, all the 
more so since he was the first to observe small white bodies, 
not unlike glands, attached to the blood vessels, bodies which 
have ev(U' since borne the name of Malpigliian corpuscles. He 
also called attention to the remarkable reticular sheath which 
accompanies and wraps round the .arteries as these plunge into 
the body of the organ. 

All these several fundamental discoveriovs were made before 
he left Messina to take uj) his abode in his native city. During 
his long stay in Bologna he continued to labour at anatomical 
problems of physiological interest, and wrote important treatises, 
such as those on the uterus, on hairs, horns, bone, on the 
polypus <jf the heart, and especially one on the lymphatic 
glands published by the Boyal Society in IGcSl) {De struciura 
glandular'urn c(mglohatarnWy consirniliHriique partium ) ; yet 
none of these made known results at all ecjuai in importance to 
those on which we have just dwelt. During this time his 
intellectual strength w;is chiefly spent on researches not dis- 
tinctly physiological, such as those on the anatomy of plants, 
on tlie formation of the chick, on the natural history of the silk- 
worm, and othens. 

The years slipped away without any striking event breaking 
the even tenour of his way. His winters he spent in the city 
busy with his professorial and professional duties ; his summers, 
as we have seen, were periods of repOvSe and yet of labour in his 
summer retreat. In 16(52 he bought a villa and small estate at 
Corticolla in the neighbourhood of the city, and the possession 
of a country house of his own led him, as years grew upon him, 
fnore and more into rural retirement. In 1684 a great mis- 
foituue befell him. His house in Bologna caught fire, his 
microscopes were ruined and many of his precious manuscripts 
were burat. The loss of his furniture and such like things he 
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laughed at; but the destruction of his papers filled him with 
grief. Yet he^did not despair, he persevered in labours of 
inquiry. The old family feud continued to molest him up to 
nearly his last days. In 1689, when he and his wife, both now 
advanced in years and feeble in health, were residing almost 
alone, or at most with the scantiest attendance, in their country 
villa, some of the Sbaraglia party thought it no shame to dress 
themselves up in grotesque costumes and make a burlesque 
attack upon the dwelling. Not content with frightening the 
infinn old man and his invalid wife, they attempted to injure 
his property and even to destioy his papers. Happily they 
were obliged to desist; but the incident illustrates some of 
the difficulties amid which Malpighi carried on his remarkable 
labours. With a name honoured throughout the world, sur- 
rounded by loving friends at home, stimulated and encouraged 
by the letters of othe)* friends at a distance, especially perhaps 
by those of Bellini, having himself a (iharact(‘r which would 
wish to be at peace witli all hhui, his long life was throughout 
from time to time embittcu-ed by ignoble attacks taking origin 
from a paltry domestic dispute. 

In 1691 Pope Innocent XII., soon after ho ascended the 
papal throne, sent to Malpighi, whose worth he had learnt to 
value dining the time in which as Antonio Pignatelli he had 
resided in Bologna, an invitation to crane to Rome and be his 
physician. Malpighi at first refused; he was unwilling to leave 
his beloved city, his friends, his studios, and the country seat of 
which he had become so fond, and to take up his abode, now 
an old miin near his end, in a strange city. Jhit the Pope 
would not take a refusal, and in the end Malpighi, though 
unwillingly, accepted the invitation. 

He left Bologna amid demonstrations of affection, esteem 
and regret, he was received at Rome with every possible 
manifestation of respect. And here for a while he continued 
the labours of his l^fe. But not for long. Soon after his 
arrival at Rome he began to lose colour and flesh and to * 
look ill. In July 1694 he had a slight apoplectic attack. From 
this however he soon recovered ; but during his convalescence, 
which he spent chiefly in preparing for publication the writings 
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Avhich, under the care of the Royal Society, saw the light as his 
posthumous woi’ks, a heavy blow fell upon l)im, the death of his 
beloved wife who had stood by his side for so many years. 

On the 28th of November a second stroke of apoplexy 
came upon him, this time heavy and fatal, and on the following 
day he passed away. At the post-mortem examination a very 
large effusion of blood was found in the right ventricle of his 
brain. By an irony of fete the right kidney of him, who had 
done so much to clear up the mysteries of renal structure, was 
found to be marked with old standing disease ; it was largely 
dilated, and indeed he had for most of his life suffered from 
renal calculi. 

It may be tiuly said of Malpighi that whatever part of 
natural kinovledge he touched he left his mark; he found paths 
crooked and he left them straight, he found darkness and he loft 
light. Moreover in eviuythiiig which he did there is the note 
of the modern man. When we read Haiwey we cannot but 
feci that in spite of all which he did, ho in a way belonged to 
the ancients ; while ho was destroying Galen’s doctrini.'S he was 
wearing Galen’s clothes, and speaking with Galen’s voice. 
When wo pass to Malpighi we seem to be entering into the 
W’ays and thoughts of to-day. Doubtless Malpighi was reaping 
what Harvey Inid sown ; doubtless be was also rc;aping what 
Galileo had sown ; doubtless also the microscope gave him a 
tool which none before him had possessed. It was just the 
putting these three things together which f)arts him from the 
old times, and makes him the beginning of the new. 

All the deeper problems of physiology turn on th(^ mutual 
action of the tissues and the blood, as the stream of the latter 
sweeps among the ekuneuts of the former. Harvey shewed that 
the blood did sweep through the tissues, Malpighi shewed what 
the tissues were and how the blood swept through them. And 
thus the way was opened for those inquiries into the ways 
in which the blood acts on the tissue ^.and the tissue acts 
*on the blood, inquiries the results of which are the pride of 
modern times and the hope of times to come. 



LKCTUHE V. 

VAN HKLMONT AND THE RISE OF OJIEMICAL 
PHYSIOLOGY. 

In the work of the physiologist of to-day the teachings of 
chemistry are held, and rightly hold, in liigh esteoin. Though 
mnny problems in physiology may still be regarded, and, it may 
be, will always hav(» to he regained as pundy physiological 
probleuKS, as problems to bo solved in their own way and by 
no other means, yet a preponderating number, ptabaps also an 
increasing number of the problems on whi(b the physiologist 
is to-day engaged, are at bottom chcmic^al or physical probkuns, 
problems to be solved by the application of chemical or physical 
methods to the phenomena of living beings. 

In a previous lecture I sf)oke of the influence on the 
progress of physiology exerted by the new physical learning 
which came into power in tlie early years of the sevcinteenth 
century; it was tlnai that pliysics and physitilogy touched 
hands. I now propose to speak of the way in whicli cliemistry 
came to the aid of those who were incpiiring into th(j probhuns 
of life, and thus gave rise to tlie chemical physiology which we 
know to-day. 

The physiology of Vesalius and his school consisted us we 
have seen of deductiems from the data of anatomical arrange- 
ments confirmed or ^joiTected by experiments on living animals. 
From time to time Vesalius made use of the growing mechanicat 
knowledge of his age, and we trace here and there the influence 
of the as yet imperfect physical conceptions then dominant. 
But of chemistry as we now know it there is hardly a word. 
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If you take up a text-book of modem physiology you will 
find page aft er page occupied witli chemical ^matters. In 
some text-books digestion and its conso'qneucos take up so large 
a space as to suggest to the reader that the stomach is the 
larger part of man. It is not so with the writings of Vesalius. 
In that chapter in the Fahrica of which 1 have spoken as his 
compendium of exfierimental physiology, the whole of digestion 
and nutrition is dismissed in almost a single sentence. “ Though 
“ there is no difficulty in examining living dogs at different times 
“after they have biuiu fed with the view of investigating the 
“ functions of the alimentary canal, yet we learn little more by 
“ vivisection than we do by the study of the <iead body, as 
“regards the function of the liver, spleen, kidney, or bladder. 
“ It may perhaps ]>lease one to excise tho spleen, a.s I have 
“ done, the animal living many days afterwards.'* 

There is, so far as I know, not a single reference in any 
of V'^esalius* writings to that study of the intimate nature of 
things which under the name of chemistry, or rather of alchemy, 
was beginning to stir men s minds and which was pushing its 
way into the art of medicine. The great anatomist would no 
doubt have made use of his bitterest sarcasms had sorneoue 
assuri'.d him that the fantastic school which wjis busy with 
occult secrets and bad hopes of turning dross into gold, would 
one day join hands in the investigation of the problems of life 
with the exact and clear anatomy so dear to him. 

Nor did Harvey any more than Vosalius pay heed to 
chemical learning. His book on the heart contains no more 
references to this than do the writings of Vosalius, and even 
his work on generation expounds only the chemistry of the 
ancimits. 

During the sixteenth century however and still more in the 
. seventeenth century there grew up side by side, but as yet apart 
from the physiology on which we have so far dwelt, a know- 
ledge having an origin quite separate fi’om anatomy, and 
ihdeed at first quite separate from the study of living things, 
a knowledge of which subsequently every physiologist had to 
make use. With this knowledge the men of the seventeenth 
century of whom we have spoken, Borelli, Malpighi and others 
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were not unacquainted ; but as a rule the share which it had in 
the guidance o( their thoughts was a small one. To Borelli, 
the spirit of inquiry as yet reigning in chemistry was so 
different from that of the school of Galileo that though some 
passages -in his writings shew an insight into what chemistry 
might ultimately accomplish, most of the chemical explanations 
of j)hysioIogical phenomena so far put forward were trealed by 
hirn with contempt. He saw his way dear so long as ho was 
dealing with the size and shape of partiches, and was loth to 
leave these for unmeasurable and ocxnilt (jualities. Malpighi 
seems to have been in his younger days miudi drawn towards 
chemical studies, but the more exact results of microscopical 
inquiry soon carried him too far away from them. Steiisen 
more than any of the men whom we have mentioned in the 
preceding lectures recognized the part which chemistry might 
in the future play in the progress of physiology, but he <Iid not 
of himself contidbute to the advance of the infant science. 
Chemical physiology had an origin of its own and for a long 
time advanced on a lino of its own, separate from or even 
antagonistic to other branches of physiology. To this we must 
now turn. 

At the close of the fifteenth century, in the year 141)3, 
according to some 1400, twenty years or more btdbi-o 
the birth of Vesalius, there was born at the little town 
Maria Kinsiodeln near the Lake of Zug, in the Canton of 
Schwyz, in Switzeiland (whither to (]uite a late period 
pilgrimages were made), one who, under tin? name of Paracelsus, 
achieved a reputation more widely reeognizAMl in succeeding 
times than that of any of the names which I have liitherto 
mentioned, that perhaps of Harvey alom^ excepted. 

His real name was Theophrastus Bombast von Hohenheim ; 
to this others have added the words Philippus Auniolus; but 
he always called himself Theophrastus von Hohenheim. His 
father Wilhelm von liohenheirn was a physician at Einsiedeln, 
and his mother had a position in the hospital there ; scandal * 
alleges that he was the natural son of a person of high degree. 
The name Paracelsus is supposed by some to be a j)unning 
translation of Hohenheim; others maintain that he himself 
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adopted it as indicating that he was a greater than Celsiis. 
While he was quite young, in 1502, his father moved to Villach 
in Carinthia and there he seems to have spent some of his early 
days. He is said, at the age of sixteen, to have entered the 
University of Basel, hut soon afterwards to have become the 
pupil of the Bishop Trithemius at Wurzburg. Later on he 
appears to have spoilt some time in some mines in the Tyrol 
which were owned b}^ the family Fugger. His personal 
history, however, especially in his earlier years is wrapt in 
much uncertainty. 

It would not be fitting to the purpose which 1 have in 
hand to dwell at length on the life and doings of this 
remarkable, this picturesejue inari, whose name has become 
a by-w'ord for fantastic thought and oven for charlatanry. 
But foi* the understanding of the genesis of clietnical physiology 
it is neijcssary to say a few words about him. 

To understand Paracelsus and his work we must, however, 
go back to a man of still a generation before. Jii the latter 
half of the fifteenth century there lived at Erfurt a Ber:edictine 
monk, of whosci personal life little is known, one Basil 
A^alontine, whose writings, the principal one of which was his 
(hirruii trtmnphalLs antitnouii, teach us chiefly what can be 
learnt about him. 

He was one of the ahduunists ; but in addition to his 
imjuiries into the ])n)p«5rties of metals and his search for tlm 
philosophei’s stone he busied himself with the iiatuie of drugs, 
vegetable and mineral, and with their action as remedies for 
disease. He w^as no anatomist, no physiologist, but rather 
what nowadays vve should call a pharmacologist, tie did not 
care for the problems of the body, all he sought to understand 
was how’^ the constituents of the soil and of plants might bo 
treated so ixs to be available for healing the sick, and how 
they produced their effects. We appareutl}^ owe to him the 
introduction of many chemical substances, for instance of 
hydrochloric acid, which he prepared from oil of vitriol and 
salt, and of many vegetable drugs. And he apparently was 
the author of certain conceptions which as we shall see played 
an important part in the development of chemistry and of 
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physiologJ^ To him it seems we owe the idea of the thiee 
‘elerneriis/ as ^they were and have been called, replacing the 
old idea of the ancients of the four elenicMits, rarth, air, fire atid 
Avater. It must be remeinbored however that both in the 
ancient and in the now idea the word " element ' was not intended 
to mean that which it means to us now, a fundamental unit 
of matter, but a general quality or property of matter. I^he 
three elements of Valentine were (1) sulphur, or that which 
is combustible, which is changed or desti-oyed, or which at all 
events disappears during burning or combustion. (2) nuircury, 
that which teriipj)rarily disappears, which is dissoiaate<l in 
burning from the body burnt, but wliich may bo rec'overed, 
that is to say, that which is volatile, and (r^) salt, that whicli is 
fixed, the residin? or ash which remains aftm* burning. 

To understand the begintiingwS of rdieinical jiliysiology it is 
impoilant to remember the meanings attacdied to thesis thr<?o 
words. .In Valentine's mind, and long, long after him sulphur 
did not mean the particular substance of a yellow colour, with 
distinct atomic weiglit and otluT qualitic^.s which we now call 
sulphur, but simply the constituent of any body, mimiral, 
vegetable, or animal, which disapp(^ared and was apparently 
wholly lost on burning, An<l so with moj*cury and salt. 

To this conception of the properties of matter Valentine 
added one concerning the forces whicli govern and d(*termine 
the phenomena of the universt‘, chemical changes inclmled. He 
spoke of an m^chwas, or of scA^eral r/r’c/uw, as lujing insti’umerds 
by which the Ruler of the Universe l)rought about events; 
these were to him tlui embodiments of energy. 

Paracelsus was early introduced into alchemical studies while 
he was studying under the Bishop Trithemius ; he probably h^arnt 
from him the doctrines of Valentine. These seem to have taken 
firm possession of his mind before he entered upon the ordinary 
medical studies of the time. It may bo noted that those who 
wer,e engaged in the search for the philosopher’s stone and on 
the attendant chemical inquiries were, as a rule, not doclort:^, 
and carried on their work apart from tlie universities and 
medical schools. Many, very many of them were monks, or at 
least ecclesiastics, and pursued their investigations in solitude 
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and retirement. A certain antagonism arose between this 
nascent science of chemistry an<l that older biological learning 
which formed the Ixisis of medical education. The latter was 
the heiitago of a long-established, powerful profession; the 
forivua* was the pivuluct of amateurs, (»f the efforts of scattered 
independent workers, and as such Avas despised by professional 
men. 

We know little as to the extent to which Paracelsus carried 
out his strictly medical, his anatomical and other studies ; but 
it is clear that whether ho learnt much or little the knowledge 
which he thus gained was, even in view of medical practice, of 
little account in his mind conipared with the new chemical 
scieiKJC of w’hich the doctors knew so little. He prized the 
knowledge which had come to him through the alchemical 
teaching of Trithemius, in the mines of Tyrol and in his 
subset] uent w'aiideriTigs as of more value than anything which 
he could learn from the expositors of Galen. Hence when after 
some yc^ars of travel, in which htj is said to havtj wandeiod away 
in the East as far as Samarcand, ever se.eking it would appear 
new chemi(.‘al knowledge, ho settled in 1527 as a physician 
at Basel, it was not to be wondered that he came into conflict 
with his orthodox br(‘thren. 

He may have been the turbulent, disorderly, noisy com- 
bative fellow that he is represented to be : often deep in his 
cups, and always, whether drunk or sober, ready to shout aloud 
that, his opponent was an ignorant fool and idiot, and that he 
alone held the keys of truth. Even if he had not been this, if 
he had been (juiet, modest, and shrinking, he had laid hold of 
something which the ordinary doctors of his time ignored and 
despised, tlie beginning of that chemical knowledge which in 
later years was to become one of the foundations of their science, 
and the mainstay of their art. Arid this was enough to put him 
in antagonism with them. 

Driven away from Basel by their united opposition, he 
^wandered forth from place to place carrying with him his 
scholars, liis chemical appariatus, and his turbulent preaching 
of his now doctrines. Now rising on the flood of success, with 
what seemed the no less than marvellous cure of some sick 
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great man whom the orthodox doctors had given up to death, 
now plimged into some ignoVile quarrel and hard pressed with 
penury, never staying long in one spot, true to nothing but to 
the assertion of his own ideas, he ended at Salzburg in 1 541 , just 
as V^esalius was finishing his great work, his st range pilgrim life, 
by what is generally credited to have b(K.n) a violent death in a 
drunken brawl. 

The doctrines which he taught with such intetnperato zeal 
were as I have said in the main the doctrines of V^alcntine, but 
enlarged, and developed by the new light which he had gained 
by his own researches and studies. lie discovered many now 
chemical bodies, and introduced many lunv nmiedies. Ho had 
a great hand in the spread of that drug, which perhaps more 
than any one drug has influenced the fortunes of mankind, 
namely laudanum, the use of which is said to have been due to 
him. He was emphatically not an anatomist, not a physiologist, 
but a pharmacologist. He paid little hoed to the doctrines of 
Oalen, and cared little or nothing for anatomy. He was a chemist 
to the backbone ; and his pathology was based not on changes 
of strncttirc and their attendant symptoms but on the relation 
of diseases to drugs. He iiisi.stod that diseases ought to be 
known by the names of the drugs which cui-ed them, merbas 
hellehorinus, and the like ; in this ho was a I'orc^runner of an 
errant school of therapeutics in modem times. 

His yjhysiology, if wo may so call it, may pcThaps as part of 
his philosophy b(3 brielh’^ described as follows: 

Nature consists of visible matter and invisible fon^os. The 
visible matter is constituted of the three elements, sulphur, 
mercury, and salt ; and attached to matter are forc(^s, or 
pe?*haps wo shoidd .say properties, by which changes of matter 
aj*e brought about. But over and above these material forces 
or properties, mattei* is subject to and its changes arc governed 
by spiritual forces, prominent among which are the archmi, '' the 
“ chief archcPAis being that exalted invisible spirit, that occult 
virtue which is the artificer of nature in everyorio.” 

All physiological processes, according to him, arc chemical 
processes governed by the archceus. In health, all the varied 
chemical processes are rightly governed by the archceus. 
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Death is the loss of the archreus, the natural chemical changes 
being then loft entirely to themselves. Disease is the failure 
of the archwas to govern aright, and is often the result of 
the entrance into the body of germs bringing about chemical 
changes which the archxeas cannot master. 

From this basis of philosophy there naturally followed his 
system of therapeutics, which consisted on tlie one hand in 
drugs which by tln^ir chemical properties assist the arc/unus in 
its struggles with chtmiical changes, and on the other in occiilt 
iuvisil)le spiritual agiuu'ies, magnetic, astral and the like (for 
the stai-s woi king through the orchivi affect the chemical pro- 
cesscis of th<; body ) which more directly join hands with the 
archwuH. 

rara(f(il.sus’ doctrin(‘s as he ptit tlnun forward had litth* or 
nothing in common with (uther the Galenic teaching of the 
day or the aruitomi(‘jd teaching of the suc(‘<‘eding age. They 
stood outside these, and setujied to such irum as Vesalius 
and his followers the ravings of an ignorant charlatan. 
Nevcu'theless alter a time, after the lapse of nearly a 
hundied years, the\' w(*re takmi up by a man, who so handled 
them that in a modified and developed shape they found 
lodgement in ordinary medical teaching, and served as the 
starting-point of that chemical investigation of the problems 
of living beings which since that time and especially in these 
later years has been so fruitful of nisults. As Paracelsus, with 
the aid of some fifty years of increased knowledg<i, extended 
ami develojicd Valontine/.s ideas, so his doctrines were in 
turn extended and devtdoped with the aid of a huruli’ed years 
of increased knowledge (and those hundred years were as we 
have seen rich beyond int‘asurc in intellectual gains) by van 
.Helmont, to whom we must now turn. 

Jean Baptiste van Helmont was bom at Brussels in 1577, 
some thirty odd years after Paracelsus' death, and more than 
ten yeai'S after that of Vesalius. His fatlier died when he was 
three years old, ami his mother, who was of one of the best 
Belgian families, took much care of his education, sending him 
at seventeen years of age to study philosophy at Louvain, which 
university was still of great repute. The teachers there however, 
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eminent though they were, failed to satisfy the intellectual 
longing^ and tiie acute mind of the young van Helinont. To him 
their sayings seemed empty words ; they made a great pretence to 
learning, but in what they taught he could see no real truth, 
could find no satisfaction for his mind. He refused to take the 
degree of Master of Arts, as being a sign of scholastic frippery, 
not of real knowledge. Anxious to satisfy his thirst for truth, 
he turned to systematic botany, beginning, at that period, to be 
seriously studied ; but this in turn he found to be as drj^ and 
as unsatisfying as the herbaria which supplied its means of 
study. He then tried law, but this he soon found worse than 
even the others. He had almost reached the stage of Faust, 
Hiibe nun, ach I Philosopliic 
Jiiristerci uiul - 

But he had not yet tried medicine. This he was led to do, 
and in this he, for the first time, found what his soul desired. 

I mention these oarliiu' ventures of his because they are 
indications of an acute active mind earnestly seeking after real 
truth; and love of truth in spite of the somewhat fantastic 
form which his ideas, after the fashion of Paracelsus, took in 
his later writings was after all the kej^-note of his character. 

He threw himself so heartily into his medieval studies that 
in 1599, at the early age of tweiity-two, ho took his Doctorship 
of Medicine, and is said to have been appointed immediately 
afterw'ards to deliver a course of lectures on surgery. 

Wisely however he decided to travel, tand the next four or 
five years he spent in visiting different countries, Switzerland, 
Italy, where he is said to have met Fabricius, France, and 
England. 

Returning home in 1605, he arrived in time to study the 
great epidemic of plaguti then raging in Antwerp, and afterwards 
settled for a while at Brussels ; later in 1 609, having married 
a rich heiress, he took up his abode in the neighbouring town 
of Vilvorde. Here \\c remained for the remainder of his life, 
practising to a certain extent as a physician, chiefly however it* 
would appear as a work of charity, for his means were ample, 
but mainly occupied with carrying out chemical observations 
and experiments. And here in 1644 he died. 


F. L. 
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He published several books, the first in 1617 ; but his ideas 
and doctrines are chiefly embodied in his work (h;tnR Medicinw, 
which however did not see the light until 1648, four years after 
his death, being edited bv his son. 

He was as we shall see a devout Catholic, an obedient son 
of the Church; nevertheless a work which ho published in 
1621, De Macfnetica Vi(lneriviit Curationey in which insisting as 
Paracelsus had done on the potency of magnetic virtues he 
seeineil to explain away, on physical grounds, some of the 
miracles, he came into conflict with the spiritual powers ; and 
for some time during the latter part of his life was condemned 
to imprisonment, though his own house was allowed to serve as 
his gaol. 

Van Helmont, as I have already hinted, was from a certain 
point of view a Paracelsus, a modest, softened Paracelsus come 
to life again, but come again to a (|uite different world. 

Tlie medical studies, in which van HeJmont fii’st found 
something solid to lest upon, were not the vague Galenic 
teacl lings which were all that had b(‘mi offered to Paracelsus, 
but teachings based on th(^ exact anatomical knowledge pro- 
vided by Vesalius and his school, and on all which that 
knowledge car*ried with it. So soon as he htid graduated, 
perhaps even while he was still a studenti, there came to him 
as to all others in Northern Europe some of that new, exact 
physi(ral learning which was starting up in Pisa and in Padua. 
While he was tujgaged in his own labours, long before he 
had complected them, twenty years before his death, Harvey’s 
groat Work was open before him. He must have heard of 
it; but it may be doubted whether he ever I'oad it. Certainly 
he was not convinced by Harvey's arguments, for in his 
writings, though he combats several of the Galenic doctrines 
concerning th(i heart, he still accepts the Galenic view of the 
passage of the blood from the right side of the heart to 
the kd't through the pores of the septurn. Still eight years 
^earlier, in 1620, there had appeared the Novum- Or'ffanon of 
Francis Bacon, which, though it probably had no influence 
on van Helmont and most likel^^ had never been seen by 
him, was a characteristic product of the time and at least 
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shewed the tenour of the thoughts iiiuorig which he lived. It 
is more than •proliable that ho might have met Descartes, or 
have read his Disco tirs de la Mcthode published iu U>J17. 
And he must have been aware of the discovery of the lacteals 
by Aselli in 1622. 

The things of science were very different in the first (piarter 
of the seventeenth from what they were in the first tpiarter of 
the sixteenth century, in which Paracelsus lived. And much of 
the new learning had sunk deep into van Helmont’s mind. 
Yet for all that it was Paracelsus above all others who seems 
to have influenced his thoughts. As you read his Ortas Medicince 
yon are struck by the fact that while he rarely if ever mentions 
the great names of which I have spoken, Vesalius and the 
rest, the namcv of Paracelsus, and the mention of Pnracelsus’ 
views occur again and again ; moreover the main doctrines which 
he develops arc Paracelsus’ doctrines in a new dress. 

Yet at the same time it must be confessiid that as w(? read 
van Helniont we seem to see two men, two intellects of very 
different kinds. 

On the one hand we see a patient, careful, exact observer, a 
child of the new philosophy, one who htis entered fully into the 
spirit of the now physic^s, who watches, measures and weighs, 
who takes advantage of the aid of instmincmts of exact j*< ' search, 
who reaches a conclusion by means of accuiato (piantitativo 
estimations. On the other hand wo hoo a mystic, speculative' 
dreauier, a philosoplior in the old sense of thc' word, one wi'aving 
a fantastic schiane ol* the powers and iVirces ruling thi' univi'rse, 
calling in the aid of invisible supernatural agencies to (‘x plain 
the occurrence of natural phenomena. And throughout the 
whole of his writings is seen the continued endeavour to weave 
his exact chemical physical knowledges and his spiritualistic 
views into a consistent whole. Again and again he refers to 
instances of the hn’iner as proofs or illustrations of the latter. 

These two sides (^f van Helmont’s character are not unfitly 
indicated by the two words Gas and Bias, ' two now terms ’ he* 
himself says, “ introduced by me because a knowledge of them 
(i.e. of the things which they indicate) was hidden from the 
ancients.” 


9—2 
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By ' Bias ' he meant, so iar as can be ascertained, the same 
.tiling as the archcens of Paracelsus. It is true he uses the 
word archmas, as if he meant by it something different from 
Bias, but he often seems to use the one or the other indifferently. 
In any case he believed as did Paracelsus in an invisible spiritual 
or at least immaterial agency or energy which directed and 
governed material processes and changes. He speaks of a Bias 
meteoron which goveius tlie heavens, and of a Bias humann{in 
which presides over and determines all the functions of the 
human body. The events of the human body according to him 
as according to Paracelsus are governed by an archwus, or rather 
by a hierarchy of minor archad, all subject to and miniwstrants 
of the chief archams. There is a Bias inotivum presiding over 
movements, and a Bias alterativum presiding over what we )iow 
call metabolic changes; and the Bias motivum h dual, for there 
is a Bias which presides over voluntary and a Bias which 
presides over natural movements. And there are other special 
kinds of Bias, 

But if by Bias van Helmont shews himself something not 
very different from a Paracelsus redivivus, by Oas he clearly 
disentangles himself from all the mystic Paracelsean lore, and 
earns for himself the title of the first of modern chemists, and 
at the same time the first of chemical physiologists. 

By Gas he clearly meant, and by tlie introduction of the 
new term indicates his a2)prcciatioii of the discoveiy of, what 
we now call carbonic acid gas, or carbon dioxide ; and as we 
shall see the develoj)ineTit of a gieat deal of chemistry, and 
especially of the chemistry of living beings, has turned on 
the nature and properties of gases. 

It was in relation to this gas that he parts company with 
Paracelsus. He argues that Paracelsus was wholly wrong in 
maintaining that sulphur, mercury, and salt wore the three 
elements. There are he contends two elements only, air, that 
, is to sixy the natural atmosphere, and wat»jr. He spends much 
time in proving that air and water can never be changed, the 
one into the other, that they are distinct and never convertible, 
that the vapour of water is something wholly different from 
real air. 
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On the other hand by what he called water, he meant 
everything w];iich is not air; he insists that all things, plants 
and animals, can be reduced to water, that they are in fact 
water endued with certain properties, 

“That all vegetables and flesh consist of water alone I can 
“prove by experiment. Ev(?rything indeed if not directly, at 
“least with the help of an adjunct, can be made to assume 
“again the nature of water. All stones, rocks and mud, either 
“ of themselves, or with assistance, change into alkaline salt (sal 
“alkali); and all sal alkali, fat being added, is reduced to a 
“ watery liciuor which at length becomes plain and simple 
“ water."’ 

Here is an example of the quantitative method by which he 
carried out his investigations : 

“ ^rhat all vegetables are produced immediately and materially 
“out of the single element of water I learnt by experiment, I 
“took an earthen vessel in which I placed 200 lbs. of earth dried 
“in i\n oven. I then watered it with rain water and planted in 
“it ^ young willow weighing 10 lbs. After the expiration of 
“ five years this willow weighed 169 lbs. and some ounces. 

“The earthen vessel whi(‘,h Wiis always, when niicessary, 
“moistened with rain or with distilled water, was large*, and 
“ was sunk in the ground ; and lest any dust carried by the air 
“ should be mingled with the earth, an iron lid coated with tin 
“ closed the mouth of* the vessel. 1 did not measure the weight 
“ of the lea ves which were shod in the four successive autumns. 
“At the end, I dried the earth in the vessel, and found its 
“weight to bo 200 lbs. less some two ounces. 

“The 16+ lbs. or so, of wood, bark, and roots (by which the 
“ older tree diff’ei-ed in weiglit from the young one) were there- 
“ fore deprived from water aloiK;.” 

Is not this a good experiment, one such as an experimental 
agricultural station of to-day need not b(i ashamed of? It is 
only the conclusion that is wrong. Would not van Helmont be 
now delighted to hear that it was not water but gas, carbon 
dioxide, which in the main accounted for the increase in weight? 

He goes on to expound how out of many things can be 
obtained, in various ways, a something which is like air, but is 
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not air, not the air of the atmosphere. This appeal's when 
wood is burnt, when the must of grapes or of malt feriiients in 
the making of wine or beer, and on other occasions; and this 
he calls *gas.’ 

He gives it that name, because the sound is not so far from 
that of ‘chaos,’ the unformed womb of all things. 

Here is an experiment giving a quantitative proof of the 
existence of gas in wood or charcoal : 

Cliai'coal moreover, even if heated in a closed vessel for 
“nine days in a burning furnacii, though it is exposed to 
“ combustion — for the has access to the charcoal in the 
“closed vessel just as it does when (jharcoal is burnt in the 
“open — niivcrthelcss is not at all consumed. It cannot be 
“c(ins\imed because its efttuviurn is prevented. Charcoal there- 
“ fore, and we may say generally all things which do not directly 
“change into water, and are not fixed, rH^ccssarily give forth 
“the spirit of wood (spiiitum sylvestro). Consuler that of 
“ 62 lbs. of charcoal of oak, 1 lb. oidy remains as ash wlicn it is 
“burnt. The remaining 01 lbs. therefoie consist of that spirit 
“of wood which, oven though the charcoal be exposed to fire, 
“cannot escape from a closed vessel. This spirit, hitherto un- 
“ known, I call by the name of ‘gas.’ * * * 

“ Many bodie.s indeed contain this spirit, and some arc wholly 
“changed into it. Not indeed that it is present in those in its 
“actual state of gas, but as a condensed spirit, solidified to suit 
“ the fashion of the body in which it resides ; and it may be set 
“ free by the action of a ferment as in wine or bread.” 

This idea of a ferment setting free gas by its action was one 
of which, as we shall sec, be made great use. He says: 

“A grape uninjured may be dried and kept without change 
“for an indefinite time; but if once its skin bo broken, it 
“presently receives the ferment of ebullition, and hence the 
“ beginning of chaiige. 

“ The juice of grapes, apples, berries, hquoy, and even bruised 
Howers and twigs, a ferment having been laid hold of, begin to 
“ bubble and effervesce, whence gas. 

“ When I was a student, misled by the authority of ignorant 
“writei-s, I thought that the gas of grapes was the spirit 
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“of wine in the must; but negative experiments shewed me 
“ that *the gas of grapes and must was preparatory to the 
“ wine but not the spirit of wine (alcohol) itself. 

“The history of gas is well shewn by gunpowder, which 
“consists of saltpetre, sulphur ami cliarcoal. When these are 
‘‘mixed together and ignited there is no vessel in naiurcj which 
“(if these were sliut up in it) would not, on a(‘-count of the gas 
“ produced, burst.” 

His gas he affirms is not air. “Some impostors think that 
“gas is wind or air occrliidod in things, having been introduced 
“into the mixture of elements at tlu‘ origin of things.” But 
this is not so. Gas is really a form of water. “The gas 
“ of salts is water. "I'hat the gas of ti uits is nothing but water 
“ follows from ,what I havi^ already shewn, namely, that t hesi! arise 
“ from water. A dried grape, submitted to distil laticm, is tlnu'eby 
“reduced by art to (‘lomeutal wat(‘r, whereas a grape fresh but 
“injured gives rise to must and gas. Siiu^e therefore th(* whole 
“grajie in the absence of ferment is turned intn water, but 
“gives rise to gas whenever a fermmit is applied, it follows of 
“necu^ssity that the gas is itself water.” 

Deeply impiessed with this idea of the action of ferments, 
van Helmont makes it the basis of his system of physiology. 
Nearly all the writers before him had caught hold of thi^ |)lionO“ 
mena of the fej-numting wine-vat, as heing, though mysterious 
in themselves, illustrative of the still more myslejious pheno- 
mena of the living body ; and the ohl idea of the physiological 
spirits of the body, natural, vital and animal, was connected in 
its origin with this same formation of al(;<»hoI, of spirits of wine 
by fermentation. The anatomical school of Vesalius and those 
after him, busy with other things, did not attempt to develope 
the conception ; they, as we have seen, pass(Mi on one side of tlie 
chemical events of the living body. Van Helmont was the hrst 
to attempt a connected exposition of these matters. Ho was 
doubtless well acquanit<’d with the physiological and anatomical 
teaching of the time. But in his writings he dwells very littte 
on these; he is chiefly conccined with the cheniical events 
which others had neglected. 

His exposition of physiology is based on a theory of ferment- 
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ations. The ordinary vinons fermentation gives him his initial 
idea ; following this up, he regards all the chang^js in the body 
(not digestion only but also all otliers including nutrition, im- 
pregnation and even movement) as due to the action of ferments. 
And he reconciles this view with his view of the influence of the 
Bias ov^ArdumiH, by the hypothesis that the^sc spiritual agents 
work not by acting directly on matter, but by making use of 
the ferments, which are thus their servants or instruments. Tlie 
I'ollowing is a brief sketch of his exposition of physiological events; 

He assumes the current teaching of the day to be (1) that 
the food absorbed from the stomach and intestine is in the liver 
endued with natural spirits, (2) that in the heart the natural 
spirits are converted into vital spirits, and (^) that in the brain 
the vital spirits are converted into animal spirits. And indeed 
this was still to a large extent the teaching of the day. It was 
as we have seen tlie exposition given by Descartes even after 
van Helmont’s death ; the influence of th<^ Harvoian doctrines 
had not as yet made themsedves fully felt. 

All this current teaching, says van Helmont, is wi'ong. 
There are not throe conversions, three upward developments 
only, but in reality six. And each of these upward steps is of 
the nature of a formemtation ; he speaks of them as six digestions 
or concoctions, by which the dead food becomes the living, 
active fle.sh. 

The first stage is the digestion in the stomach. It may be 
noted that he wholly ignores saliva and the changes in the 
mouth; Steno and Wharton had not yet written. It is obvious 
he says that iu the stomach food ;iud drink are converted into 
chyle ; and this conversion takes place by means of a ferment. 
But this ferment does not reside 2 )ermanently in the stomach, is 
not always there, for digestion is not continually going on in 
the stomach ; the process is an intermittent one. The ferment 
really conies from th<j sfileen ; it is from the spleen that the 
stomach draws all its encirgy. And in another part of his book 
he dwells on what he calls the duumvirate, the dual reign of 
the stomach and the spleen. He wjis still under the dominion 
of the old traditions of the spleen ; he had not got so far oven 
as the clear-sighted Vesalius ; and Malpighi had not yet written. 
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This fenneut in the stomach is an acid ferment (questions 
of aoids/alkalijj and salts were beginning to niov^e the chemists 
of the time) ; but the acidity is not the ferment itself, is only the 
organ or instrument of the ferment. ‘‘If the ferment were 
only an acid, vinegar alone would be able to transmute a mass 
of bread and be sufficient for the transformation of all our 
food.’^ He adds that condiinents help digestion, not because 
“ they add to the ferment, foi* a ferment I'an add nothing to 
“itself, it is a specific gift of vital nature ; they simply prepare 
“ the food for the easier access of the ferment.” 

In this exposition of peptic digestion we recognize the 
careful, exact observer ; for the abov(‘ comes vtuy near to the 
doctrines of to-day, and even the idea about the spleen has 
its modern analogue. 

He then goes on to state that the acid chyle, passing into 
the duodenum irninediattdy accjuires a saline natuie, changes 
from an acid into a salt, “just as vinegar by the addition of 
nimium (lead oxidjo) is changed into an aluminous sweetness.*' 
But this analogy is, he hastens to say, a laim? one. The change 
in the duodenum is brought about ‘ through a more excellent 
vigour of transmutation.* The ferment actions of which lui is 
speaking are much more complicatoil than ordinary chemical 
actions. It is, 1 ma>' say in passing, worth \vhil(i to note this 
expression ; it shows that van Helmont was nearer the truth 
than some of those who immediately followed him. 

This change in the duodenum constitufes van Hclmont's 
necond digestion, and the ferment by which it is effected is 
furnished by the bile; he argues at great length that the bile 
is not a mere excrement, but is or contains a fernumt. And ho 
remarks in passing that tlie work of the acid ferment of the 
stomach ceases when the idiylc reaclu?s the duodenum. “ For 
“ every ferment dislikes lo have as its allies things foreign to 
“itself; it will not listen to the commands of strange masters, 
“it refuses to play the thief and put its sickle into another's 
“harvest.” VVe repeat this sa 3 uiig of van Helmont’s, when* 
to-day^ we teach that the pepsin of the stomach is destroyed in the 
duodenum by the bile and pancreatic juice. Of pancreatic juice 
van Helmont knew nothing, for Wirsung had Jis yet not written. 
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The third digestion to which this duodenal digestion, by 
which as \v<‘ sometimes now say acid chyme is converted into 
alkaline chyle, is the prelude, is tliat of sanguification, which 
beginning in the mesenteric veins, is continued in the liver, 
and compl(.‘ted in the \'ena cava, a sanguification by which the 
chyle is ci)nverted into blood, into crude blood, into cruor and 
into serum, not yet into vivified blood ; the cruor will later on 
become this vivitioci blood, the serum being used for the forma- 
tion of urine and of sweat. 

The ferment for this tliird digestion is furnished by the 
liv('r, which thus supplies two ferments. One is carried to 
the duodenum by the bile from the gall-bladder; and it almost 
seems as if van Helmont accepted the view that was held by 
some that the bile was secreto<l by the gall-bladder anri not by 
the liver itself. The other desc^ends trom the liver along the 
mesenteric veins. And he notes that the sanguification of 
chyle, its convoi’sion into blood being a more exquisite digestion 
than the achl fermentation of food into chyJe, takes place, not 
like that in one wide open cavity but in a number v)f nairow, 
and yet not too narrow passages. 

It is worthy of notice that van Hehnont, though well 
acquainted as hf‘ obviously was with the medical Iit(a*ature of 
the day, little as he might esteem some of it, and therefore 
probably awaie of Asolli’s discovery, makc‘s no mention of 
lacteals. He regards all the chyle as being absorbed by the 
veins ; and aigues that since the chyle is not ready for absorption 
until it has been pnqKired by thii second duodenal digestion 
there is no real absorption of fooil from the stomaclj. 

He has liis views about the mc'chanism of absorption. He 
relates an (experiment to slnnv that salts dissolvc^d in water will 
pass through a membrane such as a pig’s bladder; and he 
contends that absojption of chyle takes place partly in the 
same way that salts pass through membranes, by diffusion as 
we should now say, and partly by minute (u-ificcs in the walls 
of the intestine, orifices which while open during life are closed 
at death so that no absorption is possible from a dead intestine. 

The refuse of the food, loft after the absorption of the 
nutritious chyle, passing along the intestine, meets in the 
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caecum with a stercoraceous ferincut by which it is converted 
into fiecfes. , 

Such in brief outline is van llelniont’s story of what even 
now-a-days we sometinics call primary and secondary digestion. 

The fourth digestion takes place in the heart and arteries. 
By this elaboration the darker and thiclan* blood of the vena 
cava becomes lighter in colour and distinctly volatile. By this 
he obviously means the change from venous to aiteiial blood. 
But he docs not very clearly liistinguish between this fourth 
digestion and his succeedingyi/iA digestion, '‘which clianges the 
blood of the arteries into the vital spirit of the archutns!" lie 
distinguishes between the crude blood (ci*uor) supplied by the 
liver and the vitalized blood (sanguis) distiribui.ed by the heart 
through the arteries. 

“ I newer could satisfy myself,” says he, tlnit there was any 
"‘spirit in the crude blood (cruor) coming from the liver, 
though this had alix^ady acquired its own grade of perfection 
“ after it had left the im^sentery. The crude* blood fi'om the 
“ liver has always seemed to me mm e material for* use ; it 
“ought not to be considered as perfect vital blood.” 

His view seems to ho that by the time it reaches the 
arteries the crude material blood has beconn* vitalized blood, 
through the presence of the spintus rife Its, 1diis s))iritus is ot 
the nature of or acts after the fa.shion of a fer ment, it rniilti])lies 
itself as a ferment does. It is always present on the left side 
of the heart, in the ar terial blood of the left veiiti*icle, and some 
of it is drawn through the septum, from th<* left side to tlie i ight 
by minute pores which are too minute to allow blood to ))ass. 

“ >Some of this spiritus,” says he, “ this ierniciit, thus drawn 
“through the septum begins to multiply evam on tlie right side 
“of the heart. The right side of th(j heart labours incessantly 
“ for no other end than that it vshould draw a litthi spiritus 
“from the left side across the septum of the heart in order 
“that the crude blood in the vena cava close to the heart 
“should by the participation of that spiritus at once begin* 
“to be vivified.” 

Apparently the fourth digestion is only the beginning or a 
part of the fifth digestion, which as a whole consists in the 
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vivificatioii of the blood, the conversion of crude into vitalized 
blood by the addition and influence of the spirit^s vitalis, always 
present in the left ventricle, always subject to multiplication 
and increase. 

Two points may be noticeti here. One is that van Helmont 
came very neai* to and yet wholly missed the use of air in 
breathing. The other is his singular clinging to the passage 
through the septum. 

W(* have seen liow, in spite of the direct evidence of their 
senses, men clung for centuries to the view that the blood 
passed through the solid septum of the heart, from the right to 
the left ventricle. In spite of Servetns stout assertion that 
such a passage was impossible, in spite of Vesalius* biting 
sarcasms, in spite of Columbus and Ca^salpinns the view 
still held its ground ; it gave way before Harvey, not because 
Harvey like those before him denied it but because ho 
shewed a better wa3^ Van Helmont, Harvey’s contemporary, 
born the year before him and d\ung twenty- three yeai’s 
before him, had not, as we have seen, profited by what 

Harvey had done; Ikj still believe<] that the blood passed 

through the septum from the right to tlu5 left ventricle. He 

added to the old view, a now one, that the fermentative spirit 
wliich vitalized the blood pas.sod also through the septum, but 
in the contrary direction, namely from left to right. And he 
argued that the pits in the septum, being conical in shape with 
their narrow apices abutting on the left ventricle, and their 
broad bases on the right ventricle, were so constiuctod in order 
that the}'' might prevent the return of the blood itself from the 
left side to the right though they allowed the passage of the 
more subtle spirit. The story forms an odd Jjago in the 

history of human thought, a page odd but full of waming. 
Wheu we examine our own views to-day about this matter and 
that, are Ave sure that we are not asserting that things are 
passing through a septum though our senses shew us that there 
» are in it no channels through w’liich such a passage can take place ? 

And now comes a remarkable generalisation, by which 
van Helmont leaps ahead, and anticipates conclusions which 
were not reached until many a long year after him. 
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“ The sixth and last digestion takes place in the kitchens of 
the several members, for there are as many stomachs as there 
“are nutritive members. In this sixth digestion a spiritus, a 
“ ferment innate in each place cooks its food for itself ’ In the 
language of to-day, all the tissues live upon the common blood, 
and the power of assimilation lies in the tis.sue itself; it is the 
tissue and not the blood which primarily determines assimila- 
tion, the (Qualities of the blood have (^>nly an indirect intluence. 

“ A vein,” says van Helniont, meaning probably an artery, “ may 
“ be considered as a vessel containing aliment prepared for 
“the kitchens of the tissues, but it is nf)t tlieir kitchen. Each 
“tissue maintains its own individual kitchen within itself” 

He gives jis an instance the nutrition of muscle. Accepting 
the as yet common view (Stensen and Borcdli luwl not yet 
writtoiii) that muscle consists of an inactive, passive, non-con- 
tractile part, the ‘ cavo/ or flesh, and the active contractile part, 
the fibres, van Hedmont suggests that the crude })arts of 
blood can din^ctly, without elaborate nutritive action supply 
the ‘caro,* the flesh, which therefore can at any timt‘, increase 
and grow in a vegetative manner, but that tlio fibi’os tire nourished 
by the vivified blood, through the activity of the tissue ferments, 
and the growth of this, the active part of the muscle, is therefore 
subject to the laws of life. 

A corollary to this view of the sixth digoistion, of the action 
of the individ\ial ferments of the several tissues is of no little 
importance ; it led van Hclinont to a position far in advance of 
his peers. 

“I make,” says ho, “no distinction between vital and 
“animal spirits. The .same blood with the same vital spirits, 
“ vitalized blood (arterial blood as we should say), is cai-ried to all 
“the tissues. The boat has only one rudder, each tissue lives 
“ upon that blood, exercising its own functions, the brain and 
“other nervous tissues behaving in this re.spect like the rest of 
“ the tLssues. As the sj}iritus, the .so-called animal spirit, does not 
“ differ specifically in itself in the several organs of senses and* 
“instruments of movement, though the senses and the movements 
“differ among themselves, so it is unneces.sary to suppose an 
" animal spirit apart from the vital spirit of the vitalized blood.” 
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So far 1 have dwelt upeii van Helmont’s work on what we 
may call its rational side. What I have briefly described 
constitutes a general exposition of the main facts of chemical 
physiology, as van Helrnont conceived them, and, as we have 
seen, many of his (jonclusions were based on careful observations 
and indeed on exp<niment. That exposition exerted a great 
influence on investigators coming after him. In the first place 
it shewed that many of the problems of the living body were 
chemical problems to be solved by chemical knowledge, not 
problems of a mechanical nature only, not problems to be 
solved by the (experimental verification of a suggestion offered 
by anatomical arrangements. In the seciond place it dn^w the 
attention of inquirers to the fact, which experience has shewn 
to be an undoubted fact, that a large number of the processes, 
taking place in the living body are more or less akin to the 
process by which yeast produces alcohol, as in wine making or 
brewing, and therefore may be spoken of as fermentations. 
This idea of the farmentativc nature of the changes taking 
place in the living body was as we have said an old one, it had 
been preached by Paracelsus; but its definite introduction into 
physiological thought is due to van Helrnont. The anthems 
coming fifterwards who dwelt on the subject all acknowledge 
their imh^btedness to him. In the third place his discovery of 
carbonic acid gas, and of other gases, for he recognised that all 
gas was not alike, that S(une gas for instance was inflammable, 
was a eliomioal discovery of prime importance, though the 
value of th<> discovery did not become apparent until after the 
laj)se of many yeais. 

But to Judge by his writings van Helrnont was at heart 
more pleased with his Bias than with his Gas. In the ex- 
position of which I have given an account there are repeated 
interpositions, which 1 hav() omitted, numerous references to the 
action of this or that bias or archaeus. And any attempt to- 
picture van Hclmonts mind wv^uld be incomplete without at 
"least some few words about his views as to the relations of the 
ar(faa3us, and so of the phenomena of the body, to what he calls 
the sensitive and motive soul, the anima sensitiva motivaqiie. 

*‘This sensitive soul belongs to man alone; for speaking 
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“truly and thinking correctly, we must say that there is no 
soul residing \n plants and in brute beastis. Those possess 
“ only a certain vital power, which W(‘ may perhaps rc*gard as 
“ the forerunner of a soul. The sensitive soul as it exists in 
“ man takes to itself the reins of that forerunning governing 
“vital power, which thus melting into the archauis submits 
“itself to the sensitive soul/’ 

The sensitive soul is the prime agent of all the acts of the 
body, the archieus being its servant, the minor archau also its 
servants, and the ferments the instruments in turn of the archau ; 
it is this which is, among its other services, the piirne cause 
of the vital spirit which in the heart vitalizes the blood. 
Though it carries out the sensations and movements of the 
body by means of the brain and nerves its actual throne is in 
the pylorus ; it resides in the orifice of thii stomach. He gives 
various reasons for this conclusion; among others the facts 
that a great emotion is always felt at the pit of the stomach, 
and that a man may have his head blown ofif‘ by a cannon-ball 
and y(;t his heart will go on beating for some time, w^hei*eas a 
severe blow at- the pit of the stomach will stop his heart and 
take away his consciousness at the same time. 

But the throne or temple of this sensitive soul is of a 
peculiar nature. It is in the aichauis of the stomach that the 
soul dwells; “there it sits and there it abides all life long.” 
“Not that the sensitivt! soul dwells in the sfcorruich as in a sack, 

“ in a skin, in a membrane, in a bag, in a prison or in a shell. 

“ Nor is it confined to that sc.^at after the fashion of things shut 
“up in a purse. In a wholly peculiar manner is it present, in a 
“point centrally, in an atom as it were, in the middle of the 
“ thickness of a mere meiiil.)rano. Though it is placed in a 
“locality, it is nev(irtheless not there in a hx^al manrier. For it 
“ is a light, and there is in the universtj nothing so imicli like it 
“as is the light of a candle; it is present in the stomach in some 
“such way as light is present in a burning wick. But when 1 
“ call it a light, I do not mean a burning, heating light, the cause • 
“of the heat of the body, for the heat of the body is merely 
“ the product of life, of vital actions, and is not life itself,” 

This sensitive soul is mortal, and in man, in his present 
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st«ate, coexists with the immortal mind, mens immortalise the 
two being connected in a peculiar way. “The ^jensitii^o soul is 
“ as it were the husk or shell of the mind, and the latter works 
“through it, so that at the bidding of the mind the soul makes 
“use of the archauis whether it itself will or no.” 

“Before the Fall of Adam man possessed only the immortal 
“ mind which acted directly on the archaeus, and while this was 
“the case, while the immortal mind discharged all the functions 
“ of life, and the sensitive soul as yet was not, man was irn- 
“ mortal, and the shadows of the brute beast did not blur his 
“ intellect. 

“ At the Fall Clod introduced into man the sensitive soul, 
“and with it death, the immortal mind retiring within the 
“sensitive soul and becoming as it were its kernel.” 

In thus speaking of these speculative flights of van Hehnont 
by which he biNnight his chemical views as to the nature of 
man into harmony with the teaching of the Clhurch, of which, 
in spite of the heiesy attributed to him, he was a devoted 
son, I may seem to be travelling away from tlio proper 
province of physiology. And yet this theory of the sensitive 
soul did definitely enter into subsequent physiological thought. 
Both parts of van Helmont’s teaching left their mark on suc- 
ceeding inquiries and thought. The influence of his doctrine of 
fermentations may as I have just said be traced down even to 
the present time ; but that doctrine was early stripped of its 
archical and other wrappings and soon took on the form of a 
sober chemical knowledge. 

The doctrine of the sensitive soul was also taken up by 
some of his successors ; it appeared and reappeared at intervals, 
now in more or less its original, now in a modified form. Anci as 
we pass in review the succession of opinions as to the ultimate 
causes of the phenomena of living beings we may trace a 
genetic bond between van Helrnont's picturesque and vivid 
idea of a sensitive soul, and the paler, fainter views of a vital 
• principle held by some at the present day. 



LECTURE VI. 

8YL\^IU8 AND HTS PUPILS. TJIK PHYSIOLOGY OF 

DIGESTION IN THE SEYENTEENTH CENTURY. 

I PUOPOSK .to dcvijte the present Lectui o to an account of 
some men of the seventeenth century who may he regard e<i as 
the successoi's <.)f van Helmont in chemical physiology, at least 
in that part of it which concerns digestion. But, beforf.^ doing 
so, 1 should like to turn aside for a vvliile to say .something 
about a man, who, in the very early years of that century, 
though he did not deal i>nioh Avith either the ik^vv^ chemical or 
the new physical ideas, yet hy applying the chief instrument of 
physical iiKjuii’y, namely exact measuremont, to the dc^terinina- 
tion of chemical data opmitMl vi|)a line of inquiry which, unknown 
before him and not greatly used in the times after him, has in 
those later years been made to- produce most valuable results. 

Of the life <d‘ SanetoriiivS Sanctorius wo know very little. 
He was born at Capo d’ Istria in he studied and 

graduated at Padua, and after travelling a good deal ])ractis<‘d 
for some tiine in Venice. He was later on called to he 
professor of theoretical medicine in the University of Padua, 
Avhore he gave a discourse iji 1012, and whei*e he achievcKl 
much fame, drawing many students to his h efcures. After a 
while however he withdrew again to private practice in V^enice, 
in which city he die<l jn lOoG. 

In 1014 he published at Venice a small book entitled 
Medical Statics, which subsetpiently passed through many 
editions and was translated into several languagtjs. It is 
composed of several hundred short aphorisms, dealing with air 
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aud water, with food and drink, with sleeping and waking and 
other like topics. Each aphorism is a deduction from facts 
determined by most careful measurements of the weight of 
his body at different times, of his food and of his excretions. 
But he gives no account whatever of his experiments ; in 
striking contrast to many a modern memoir wliich seems in 
great measure hardly more than a transcript of laboratory 
notes, or at least consists in large part of detailed ‘ protocols ’ 
of experiments, Sanctorius’ work gives only the bare con- 
clusions. He merely describes in a vciy general way the 
method by wliich he arrives! at his results. He hud constructe<l 
a chair suspended to a steelyard, so that ho could, using this 
as a balance, accurately determine his borly-weight, at various 
times and under various conditions; and his book contains a 
(piaint picture illustrating how he weighed himself before and 
after a meal. Jiy this means he was able accurately to measure 
the loss of weight to his body by insensible perspiration. As 
he says in his Preface, ‘‘ It is a nesv and unheard of thing in 
Medicine that anyone should be able to arrive at an exact 
“ measurement of insensible perspiration. Kor has anyone 
“either Philosopher or Physician dared to attack this part of 
“ medical inquiry. I am indeed the first to make th<^ trial, 
“ and unless 1 am mistaken 1 have by reasoning and b}^ the 
“experience of thirty years brought this branch of science to 
“perfection, which I judged more advisable than to describe all 
“ the details of my inquiry.” 

In his aphorisms he occasionally gives us glimpses of liis 
experimental results, as when he says, “ If the food and drink in 
“ one day amount to eight pounds, the insensible transpiration 
“ will generally amount to about five pounds ” ; but as I have 
said the book consists in the main of deductions concerning 
chan^jes taking place in the body as the result of this or that 
condition, the nature of the changes being infened from data 
furnished by the amount of the insensible perspiration in 
relation to the weight of the food and drink, of the sensible 
evacuations and of the body. Sanctorius thus stands out as 
the forenmner in the early years of the seventeenth century of 
that statical method of physiological inquiry which during the 
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latter half of the nineteenth century has produced such useful 
results. But ’he cared more for practical guidance than for 
theoretical conclusions. He regarded his balance as a means 
of helping a man 'to live according to rule.* He proposed that 
each meal should be taken sitting in his chair with the steel- 
yard so adjusted that by the descent of tlie cliair the <liiier 
should bo warned that the predetermined weight of food had 
bgen swallowed. He was obviously a singularly original man ; 
we learn for instance that he inventeil a therinomoter for 
measuring the heat of the animal body, and an instnuuent for 
measuring the movements of the arteries. 

We must however now return to the successors of van 
Helmont. 

In 1614, tlx^ year before van Helmont wrote his Krst book 
and fourteen years b(*fore iV]al|>ighi*s birth, there was born at 
Hanover of a good family on<‘ Kian(;ois l)c^ le Boi^ or Dubois, 
better known perhaps bv his Latin name as Franoisens Sylvius. 
He is the second prominent man of that name in the history of 
pliysiology, the first being Jacobus Sylvius of Paris, in tlni 
sixteenth century, the teachm* of Vesalius. Though a man 
of a wholly difYerent type of intellect from van Helmont, 
Sylvius appears in the history of physiological thought as 
his legitimate des(icndant. 

After studying at Sedan, at Basel, where in I6:I7 he took 
his degree, and elsewhere, and after a stay of some years at 
Amsterdam he became in KioS Professor of Medicine at 
Leyden, and there for many years exerted a most powerful 
influence until his death in 1672. 

Ill ordtjr to understand the importance and bearing of his 
physiological and medical teaching, the nature of which may be 
learnt from his many medical and physiological writings, it 
must be borne in mind that he was not only a physician and a 
physiologist, but also distinctly and (Clearly what we should now 
call a chemist. He pijblished many purely chemical works. He 
persuaded the Curators of the University of Leyden to build foi 
him a ' Labora tori urn, as they call it * ; this seems to have been 
the first University Chemical Laboratory. 

Like Glauber, an older man, born in 1604 and dying in 
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1608 , whoso name is perpetuated in his sal mirabile, Glauber's 
salt, sodium sul[)]iato, and who though he matle no marked 
contriV)ution to physiolog3^ largely increased the chemical 
knowledge? of his time, Sylvius devoted much energy to the 
study of salts. He probably owed much to Glauber, who 
appears to have been one of the first to lay hold of the idea of 
chemical affinity. But in any case Sjdvius learnt to recognize 
the nature of many salts as the result of a union of acids wi,th 
bases. He was the first to prove the presence of volatile alkalis 
in plants. And it is f)erha])s mainly by the increased knowledge 
of the various salts, and their composition, that his chemical 
science is in advance of that of van Helrnont, who died just 
about or rather just before the time when Sylvius began to write. 

If he was like van Hclmont in being a chemist and in 
looking at the phenomena of life from a chemical point of 
view, and if he followed van Helrnont in explaining many of 
the events of the living body as due to fermentative proccjsses, 
successor, and in this respr^ot may be regardc'rl as van Helmont's 
he differed from him wididy in almost I'very otlier respect. 
Van Hehmmt paid litth? heed to that part of physiology^ 
which is derived by deductions from anatomy, by experiments 
on animals or by the application of mechanical princi])les; 
Sylvius was well vei*sed in all these things and wrote well 
on the circulation of the blood and on the mechanics of 
respiration. Harvey's teaching had apparently no influence 
on van Helmoiit ; it entered largely into Sylvius's thoughts, 
and indeed it was childly tlinaigh his advocacy that tlie. 
Harvciian doctrines became (established in Holland. Van 
Hclmont’s mind was a double one, bent on the one hand 
on exact careful experinuuit, turned wistfidly on the other 
hand to mystic speculations about invisible agencies and 
spirits. Sylvius shared the former mental attitude; the latter 
was wholly foreign to his character. Van Helrnont was es- 
sentially an inquirer, most of his time was spent in his own 
home, pursuing his own researches ; he cared more for fol- 
lowing out his own ideas than for influencing the opinions 
of others. Sylvius was essentially an ex|>ositor ; his own 
special contributions to the advancement of physiological. 
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as distinguished from chemical, knowledge w’ere uuimportimt. 
He was'the discoverer of no new striking piece of physiological 
truth, nnhiss perhaps it be the distinction between congloine- 
rate and conglobate glamis, to which we have already referred, 
and we owe to him it is true and not to his older namesake, 
the aqueduct of Sylvius; but the new things whi(*b ho made 
known were in the main chemical. Yet lie occupies a not 
inconspicuous place in the history of physiology <>n account 
of his power and enthusiasm as a teacher. He became the 
founder of a school. 

We may infer something about the influence of Sylviiis as 
a teacher and ab(nit the scope of his teaching from what his 
brilliant pupil Steiisen says of him. Towards the end of his 
larger treatise. on muscle, Stensen, trcjating of what yet i-e- 
mained to be learnt about muscle writes as follows: — 

“ No one as yet, so far as T know, has so joined (Mieinistry 
“to Anatomy as to havt^ clearly and distinctly (ixplained, not 
“by deductions from the doctrines of the scliools but by 
“ following up the indications of Natnixj, in what respects 
“muscle tendon and bone agree and in what they differ. 

“My most eminent teacher Sylvius has laboured in this 
“way with happy results, in resj)ect to the humours of our 
“body; and, if I rcunember rightly, I have often listened to 
“ him while he led by the same) spirit of inquiry discoursed 
“also concerning the nature of tendons and of bones. But that 
“ eminent man although he has done much in this branch of 
“knowledge is, lest he might seem to sacrifice the prdjiic weal 
“to his own glory, in the habit of tlaily assuring his ])upils 
“that he has not been able to accomplish everything. Hence 
“ he expounds, in the shape of views and speculations, matters 
“concerning which he Iims not vet arrived at a clear and definite 
“ result, and thus he stimulates others to in(|uiry, supplying 
“ them at the same time with problems to begin with.” 

We learn from this that Sylvius had his mind opeji towards 
all the chemical problems presente<l by the human body, but* 
that he busied himself chiefly with, and was most successful in, 
the study of the fluids of the body, the blood, the lymph and 
the several juices or secretions. 
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Sylvius as I have said followed van Helinont in considering 
a large number of the changes taking place in tjic living body 
as being of the nature of fermentative processes ; but his idea 
of fermentation was a different one from that of van Helinont. 
The latter taking vinous fermentation as the type saw in the 
ferment which produced the change a subtle agency, having 
characters of its own, one whose effects were wholly different 
in kind from ordinary chemical events, from the result for 
instance of adding a base, such as lead oxide, to an acid, 
such as vinegar. The action of the ferment was in van 
Helmont’s eyes of a more exquisite nature than a simple 
chemical change ; the bubbles of gas which appeared in the 
fermenting vat were incidental things, not features essential 
to the action of the ferment. Sylvius saw nothing of all these 
subtle distinctions. To him the rising of the bubbles of gas, 
without the intervention of an extrinsic blast of air, seemed to 
be one of the essential fiiets of fermentation ; and since he saw 
the same spontaneous escape of gas when an acid was poured 
over an earth or a salt, when oil of viti*iol foi* instance was 
poured over chalk, luj concluded that the t-vvo processes were 
identic.-il in kind. Hence, though he continiu‘d often to use 
the word ‘ feriiientatioii,’ h(‘ more often usc‘d the word ‘ offer- 
vesccnee/ and at tinujs seems to use the oiui or the otJier quite 
indifferently. 

Vieussens, who in addition to th(i researches in anatomy 
which have handed down to us the terms ‘valve of V'ieussens ’ 
and ‘ annulus of Vieuss<ais,’ busied himself with chemical 
matters, writing in 1(388, De mitaru etc. Fennentationis, thus 
formally defines the various kinds of fennentation : 

‘‘Fermentation is the adventitious and expansive movement 
“ of heterogeneous parts and of insensible fermenting bodies 
“excited without sensible cause, which, when it is vehement 
“or of long duration, brings about an essential change or a 
“conspicuous alteration in the fermenting bodies themselves. 
‘ “ Latent fermentation, than wliich nothing is more common 

“ alike in the works of nature and of man, is an adventitious 
“ and expansive movement of heterogeneous parts and insensible 
“bodies excited without sensible cause, which, when it is 
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vehement or of long duration brings about an essential change 
** or a conspicuous alteration in the fermenting bodies themselves 
“ and is excited so gradually and in so hidden a maimer that 
“ while it is taking place it can not be detected by the senses, 
“ and hence is only recognised by the effects which in a given 
“ time it produces. 

“ Of this kind is the movement of the jiarticles of a mass of 
“dough which is beginning to ferment, but which so gradually 
“li(]uefies and swells that the change which it is undergoing 
“ is only recognized Avhen after some time it becomes softened 
“ and expanded. 

'' Senmhle fermentation is the adventitious ****** 
“ bodies themselves ami is recognized by the senses so soon as 
“ ever it begii\s. Such is the fm-mentatiori which is brought 
“about when water is poured on quick-lime, or sjurits of vitriol 
“is mixed with oil of tartar. 

“ Vehement fermentation is the adventitious ****** 
“ sensible cause, which <|uickly brings about an essential change 
“or a conspicuous alteration in the fermenting bodit‘s thorn- 
“ solves and is produced with a certain iinjietus and indeed 
“sometimes with considerable tumult. Of this kind is the 
“ movement which is observ(?d when spirits of vitriol is poured 
“ on oil of tart«‘ir or water on <^uick-lime. 

'Moderate fermentation is the adventitious ****** 
“ which brings about an essential change or a conspicuous 
“ alteration in the fermenting bodies theinstdves gradually and 
“without a rusli, and with a certain buzzing only (fremitus) or 
“ without any noise or buzzing. 

“ Of this kind is that movement which must or wort, as 
“for instance that of beer, treacle and things of that kind, 
“undergoes when it ferments, and which takes place with a 
“ certain buzzing. 

''Hot fermentation which properly and deservedly gains the 
“ name of fermentation is the adventitious ****** in the 
“ fermenting bodies themselves, and is accompanied by or quickly 
“acquires heat. Such is that which is observed when vinegar 
“ is mixed with quick-lime, which indeed is accompanied with 
“fire and 0arne and therefore heat. 
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Sylvius as I have said followed van Helmont in considering 
a large number of the changes taking place in the livihg body 
as being of the nature of fermentative processes; but his idea 
of fermentation was a different one from that of van Helmont. 
The latter taking vinous fermentation as the type saw in the 
ferment which produced the change a subtle agency, having 
characters of its own, one whose effects were wholly different 
in kind from ordinary chemical events, from the result for 
instance of adding a base, such as lead oxide, to an acid, 
such as vinegar. The action of the ferment was in van 
Helmont’s eyes of a more exquisite nature than a simple 
chemical change ; the bubbles of gas which a])pearcd in the 
fermenting vat were incidental things, not fcatun^s essential 
to the action of the ferment. Sylvius saw nothing of all these 
subtle distinctions. To him the rising of the bubbles of gas, 
without the intervention of an extrinsic blast of air, seemed to 
be one of the essential facts of fermentation; and since he saw 
the same spt)ntaiieous escape of gas when an acid was poured 
over an earth or a salt, when oil of vitriol for instance was 
poured ovor chalk, h(^ concluded that the two proc(\ssos were 
identical in kind. Hence, though he continued often to use 
the word ‘fermentation,’ he more ofteri us(‘(l the word ‘effer- 
vescence/ and at times seems to use the one or the other quite 
indifferently. 

Vieussens, who in addition to the researches in anatomy 
which have lianded down to us the terms ‘valve of Vie\iss(‘ns’ 
and ‘annulus of Vieussens,’ busied himself with chemical 
mattei’s, writing in 1088, De mitura etc, Fennentationisy thus 
f(»rmally defines the various kinds of fermentation : 

“ Fermentation is the adventitious and expansive movement 
“ of heterogeneous parts and of insensible fermenting bodies 
“excited without sensible cause, w’hich, when it is vehement 
“or of long duration, brings about an essential change or a 
“conspicuous alteration in the fermenting bodies themselv'^es. 
• “ Latent fermentation, than which notliing is more common 

“ alike in the works of nature and of man, is an adventitious 
“ and expansive movernent of heterogeneous parts and inseusible 
“bodies excited without sensible cause, which, when it is 
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“ vehement or of long duration brings about an essential change 
‘‘ or a coltispicikDus alteration in the fermenting bodies themselves 
and is excited so gradually and in so hidden a maimer that 
‘‘ while it is taking place it can not be detected by the senses, 
and hence is only recognised by the effects which in a given 
“ time it produces. 

‘‘ Of this kind is the movement of the jiarticles of a mass of 
“dough which is beginning to ferment, but which so gradually 
“liquefies and swells that the change which it is undergoing 
“ is only recognized when after some tinui it becomes softened 
“ and expanded. 

''Sensible fermentation is the adventitious ****** 
“ bodies themselves and is recognized by the senses so soon as 
“ ever it begins. Such i.s the fermentation which is brought 
“about when water is poured on quick-lime, or s[»irits of vitriol 
“ is mixed with oil of tartar. 

“ Vehement fermentation is the adventitious ****** 
“sensible cause, which ([uickly brings al)out an essential change 
“or a conspicuous alteration in the fernumting bodies thoni- 
“ selves and is produced with a certain impetus and indeed 
“sometimes with considerable tumult. Of this kind is the 
“ movement which is observed when spirits of vitriol is ])oured 
“on oil of tartar or water on quick-lime. 

''Moderate feriiicntation is the adventitious ****** 
“which brings about an essential change or a conspicuous 
“alteration in the fernietitiiig bo<lies themselves gradually and 
“without a rush, and with a certain buzzing only (fremitus) or 
“ without any noise or buzzing. 

“ Of this kind is that movement which must or wort, as 
“for instance that of beer, trtjacle and things of that kind, 
“ undergoes when it ferments, and which takes place with a 
“ certain buzzing. 

“ Hot fermentation which properly and deservedly gains the 
“ name of fermentation is the adventitious ****** in the 
“ fermenting bodies themselves, and is accompanied by or quickly 
“ acquires heat. Such is that which is observed when vinegar 
“is mixed with quick-lime, which indeed is accompanied with 
“ fire and flame and therefore heat. 
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‘‘ Cold fermentation is the and is produced 

“without any heat. Of this kind is that when coral' is dis- 
“ solved in vinegar.’* 

This confusiciii of fermentation, properly so called, with the 
effervescence due to the escape of gas fi*oin simple direct 
chemical action, though uiidouhte<lly a retrograde step, may 
be regarded with leniency when we reflect that it was only one 
of many indications of the special attitude of Sylvius’s mind, 
through which, though he went too far, he did good service by 
shewing that the iniportance and pertinency to physiology of 
van Helrnont's chemical views might be recognized without 
acceptirjg his spiritualistic speculations. 

Sylvius followed van Helmont in so far as the latter in- 
sisted that many of the phenomena of the livijig body were to 
be explained by the help of chemical science as the outcome 
of chemical processes, a view which physiologists had before 
van Helmont too much neglected: but he refused to follow 
him in regarding chemical changes as mere instniments in 
the hands of occult sj)iritiial agenci(?s. On the contrary he 
boldly asseited that the chemistry of living things was tlio 
same as the chemistry of so-called dead things, that what took 
place in a live body was the same as tliat which might be made 
to take place in a flask in the laboratory. And filled as his 
mind was with the striking r<;sults which he had obtained in 
the laboratoiy as In*, worked with salts, with acids, and with 
bases, he jumped to the conclusion that the chemistry of the 
living body was of tlie same ordt*r, and that an adequate 
knowledge of acids and alkalis was the key to the interpretation 
of the problems of life. 

In taking up this position he performed at least one useful 
task, he biought the chemical investigation of physiological 
problems into line with the mechanical and physical investiga- 
tion of them. The spiritualistic fancies of van Helmont, and 
still more the earlier ones of Paracelsus, had had the tendency to 
make men think that chemical inquiry in contrast with physical 
inquiry was in some way necessarily bound up with speculations 
about invisible agencies of a spiritual kind ; and this doubtless 
was more or less a bar to men of sober and exact thought 
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entering upon that lino of inquiry. To Sylvius at least is due 
the credit of shewing that there was no such necessary con- 
nection between chemistry and spiritualism ; that on the 
contrary the newer chemistry in its attempts to solve vital 
problems trod the jiath of the most naked materialism. It is 
probably to his thus opening up a line of inquiry into chemical 
physiolog}^ free from all taint of mysticism that the great 
influence W’hich as a teacher he undoubtiMily exoi-cised was 
largolj^ due. 

Sylvius had the advantage over van Helmout of the know- 
ledge of thi-eo important disc^overies which were not made until 
after the latter’s deatli. Van Hedmont knew only of tlie gastric 
juice, the acid ferment of the stomach, and of bile as digestive 
juices; forw^e may omit his stcrcoraceons fernuaitof the cfecum. 
Sylvius knew of others. We have already seen tliat in 
and 1001 Wharton and Stensen rliscovered the submaxillary 
and parotid ducts. On the importance of tln‘se two discoveries 
with reference to the physiology of secretion 1 havij ali'eady 
s][)oken ; they were still more important as rogaids digestion. 
Stensen paid little attention, and Wharton liardly any at all 
to the digestive uses of saliva; but Sylvius seized at once on 
its importance, and as we shall se('. attributc‘d to it very large 
powers. 

He was also through the investigations of a pupil of 
his led to recognize the possibly great uses of another digestive 
juice. Wirsung had wt^ have seen di.seoviu’ed u\ l(iI2 the 
pancreatic duct, and appears to have observed tin? |)ancieatic 
juice; but he did not pursue the subject, and indeed his 
discovery remained barren until one of Sylvius' scholars took 
the matter up. The work of the latter is s(» interesting an 
example of the physiological experiments of the time that I 
venture to speak of it in some detail. 

Regricr de Graaf, born in 1(J41 at Schoonhaven in Holland, 
of a good family, studied under Sylvius at Leyden, and after 
graduating and travelling, practised for some years at Delft, » 
where he died in 1673 at the early age of 32, having in the 
previous year refused to succeed to the chair at Leyden, just 
vacant by the death of his late master Sylviu.s. While at Delft 
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he published some remarkable works on the structure of the 
generative organs, and described the follicles in t?he ovary 
which have ever since been known by his name. It Avas 
however while a student at Leyden under Sylvius, in 1664, as 
yet a youth of 23, that he made an investigation on pancreatic 
juice, published under the title of Disputatio medica de imtura 
et usu sued pancreatid. 

In this tract after relating several unsuccessful attempts by 
various methods at obtaining the juice he tells us how he hit 
upon the right one. He made use of the quill of a Avild duck, 
Avhich he says may be got longer and thinner than the quill of 
any other bird. Into the far, narroAver end of this he inserted 
a plug of soft Avood, attached to Avhich, and carried through the 
(jiiill, was a long thread, by which the plug could bo Avithdrawn. 
Having performed tracheotomy on a dog (and he reconiinends 
that the animal should be lasting) he opened the abdomen, liga- 
tured the duodemurn bt‘low the pAdorus, and below the entrance of 
the bile and pancreatic ducts, laid open the duodenum, sponged 
the interior carefully, and then introduced the (juill into the 
mouth of the duct. The near, broader end of the (piill Avas by 
means of rolls of paper smeared Avith paste, firmly fitted into 
tlui neck of a small flask, in the body of Avhich was an orifice 
made on purpose l.o allow air to escape, and thi‘ough Avhich the 
thread attached to the ping of the quill was drawn. J3y the 
help of rings round the neck of the fiask it and the quill were 
securely fastened in their place, and the wound in the abdomen, 
from Avhich the flask hung down, carefully sewn up. By means 
of the thread tho plug in the (juill was then withdrawn and in 
a short time the juice was observed to drop into the fiask. In 
this Avay l)e Gnuif succeeded in obtaining from two drachms to 
half an ounce, and in one case, that of a large dog, a whole ounce 
of juice, ill some seven or eight hours. 

This first caiinalisjxtion of the pancreatic duct seems to have 
been adopted as a temporary measure only ; there is no state- 
*ment of the animal having been kept alive for any length of 
time. By the same method De Omaf also obtained saliva from 
the parotid duct, and bile from the bile duct. He collected 
parotid saliva and pancreatic juice from the same animal at the 
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same time, and observed that the two juices differed in their 
characters. It, is interesting to note that this experiment 
on the pancreas was never so far as is known repeated by 
anyone until Claude Bernard in modern times took it up 
again. 

De Graafs record of the examination of the (jualities or 
characters of the juice is very meagre. There is no account of 
any distinct chemical examination, he chiefly tested it by the 
sense of taste. And ho states that thus tested its qualities 
were found to vary; it was sometimes insipid, at other times 
acid or rougli, oftcai salt, but most frequently acid-salt. 

He records that he had an opportunity once of oxainining 
the pancreatic juice of a sailor who had died quite suddenly, 
and that he found the human juice identical in its properties 
with that of the dog. 

De Graaf then goes on to discuss the uses of this pancreatic 
juice in digestion, and what he says may be taken as part of 
the genei*al teaching of Sylvius concerning digestion. 

Van Ilehnont, knowing nothing of eithcu- salivary <>r pan- 
creatic ducts, held, as we have seen, that digest-ion (M)nsists 
wholly ill the two actions of the acid ferment of the stonuu^h and 
of the ferment of the? bile. Sylvius on lha contrary (naturally 
perhaps inclined to give too much wiught to a new discovery) 
was led to attach the greatest possible importance to saliva; 
he regarded it as the type of fermentative juices, of what he 
calls a mild character, and attributed much of the changers 
taking place in the stomach to the saliva swallowed with the 
food rather than to the ferment ju-ovided by the stomach itself. 
He appears to have considei'cd that the mucus (pituita as it 
was called) clinging to the interior of the intestim? was in 
reality the remains of the swallowed saliva ; and lie went so far 
as to hint that the change which tlie blood umh^rgoes in the 
lungs may be due to a mingling of the venous bh)od of the 
pulmonary artery with some fluid severe led by the trachea and 
bronchi, or with the ‘sjxliva which somehow or otlit*!- found its, 
way to the lungs. 

It was saliva then, in Sylvius’s opinion, which was the chief 
agent in bringing about the first stage of the fermentation 
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called chylification. The second stage, according to him, is 
duo to interaction of the bile and pancreatic jjiice. *We have 
Seen that I)e Graaf tried to pei'suade himself, by taste chietly, 
that the pancreatic juice was acid, and indeed the acidity of the 
pancreatic juice was a foundation-stone of Sylvius’s views on 
digestion. Although, as we have seen, his chemical inquiries 
were chiefly concerned with acids, alkalis and bases, and he was 
above all othei* men of his time qualified to speak about such 
things, althotigh lie might have been expected to be one of the 
first to recognize that pancreatic juice was alkaline, he never- 
theh.ss, led aw'ay apjiai-entlj" by })reconceived theory, alu'ays 
insisted that it was acid. Its use in digestion w^as, he said, and 
Do (draaf repeated it, to eifervescc, to ferment, with the bile. 
Sylvius says, 

“ It is impossible that the juice of the pancreas in some 
“ degree or mode so acid should be mixed w ith the bile, 
“abounding as this does in bitter and volatile^ salt, without 
“<*xcitiiig an (^fl:er\ I'scence, as may be [iruved by (uidless ex- 
“ample.s schmi in chemistry and elsewdiei'e.” 

So also l)e Graaf: “ 'fhat effervescence is excited by the 
“ mixture of pancreatic juice wdiieh abouuils iu acidity, wdth bile 
“ w’hich abounds in volatile and fixed salt, W'o dare all the more 
“ boMly ass(?rt, since hitherto we have im^t wdth no example 
“ of an acid spirit meeting with a lixivions salt {i.e. a soluble salt 
“derived b}'' w'ashing ashes) without a manifest effervescence 
“resulting, provided impediments are removed.” 

])e Graaf recognized the ditficnlty presented by the fact that 
wlum bihi and jianereatic juice are mixed togetl»('r out of the 
body they do not efie*rvt*,sce ; but he overcomes this by arguing 
that in this as in so many other cases a suitable temperature 
is lu^eded. “ How^evor it lie, no one ought to wonder that w^o 
“ cannot demonstrate an effervescence between bile and [lan- 
“ creatic juice when these are mixed together outside the living 
“ body, since neither artificial heat nor the natural warmth of 
“ the hand can excite such a heat as w e kiunv exists in the 
“small intestine on account of the surroundings of the very 
“ warm viscera.” 

He also notices the objection that the dilution of the mixed 
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juices with the chyle would interfere with the eflfervescence ; 
but he argues* that dilution may favour effervescence. We 
“answer,” says he, “ that oil of vitriol mixed with waU^r (excites 
“a far more violent effervescence witli iron filings tlnui when it 
“is used pure without any water/' So completely <lid Sylvius 
and his school identify physiological fermentation with chcMnical 
effer voscen ce . 

^ Confident as Sylvius and his pupil wore of the occurrence 
and of the importance of this efferveseenco of pancreatic juice 
and bile, they were far from clear as to how it promoted 
digestion. I)e Gnxaf gives two uses. The eff(.‘rves<H‘nei^ in the 
first place attenuates the viscid mucus lining the intei-ior of the 
intestine, the presenci^ of which rniglit hinder tlu* absorption of 
chyle by the liicteals; and in the second plac.e it assists t.he due 
.separation of the useful parts of the food from tlie us(;li‘ss. But 
ho does not explain how it does this. It is iutc^restirig to note 
that he attrihiit(‘s the white colour observable in theduodemim 
beyond tlio entrance of the pancreatic duct to the ])anereatic 
juice. “As regards,” says he, “the whitish colour obscu-vable in 
“the more fiiiid parts of the food, we think that is due to 
“the acidity of tht^ pMii(*roatic jnict‘, I'or we have observed that 
“many other things abounding in lixivious (soluble) salt and oil 
“whiten upon the a<ldit.ion of aOids.” Here again we se(‘, how 
completely the school of Sylvius identified physi«)]ogicral changes 
with change.s of a purely chemical nature. 

In the time of Sylvius men’s minds were full of th(‘, discoveiy 
of the lacteals, the thoracic iluct and the lymphatics, jind 
Sylvius had lu) manner of doubt that all the* chyle, that is to 
say, all the nuti’itious pai'Ls of the food, passed into tin* lacteals 
and were .so <lischarged into the vi.uious system through the 
thoracic duct. The blood carric.'d to the right heart by the 
upper great veins was in his view chylous blood. In the right 
side of the heart it met with the blood of the, vena cava, and 
thi.s Sylvius speaks of as bilious blood. Following tht‘ idea 
which van Helmont soems to have held that bile is secreted b\^ 
the gall-bladder, Sylvius warmly espoused a view which had 
been recently i>ut forward, that that part of the bile which was 
not needed for digestion was carried back to the liv(*r, where 
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it passed into the venous system and whence mixed with the 
blood it was carried by the vena cava to the heart. This 
erroneous view (a retrograde step from the position taken up 
by Vesalius) was disproved by Glisson, and later on, as we 
have seen, more distinctly by Malpighi ; but Sylvius long clung 
to it. It fitted into his general theory. Chyle,” he says, 
“assumes the form of blood (a su[)erficial initial change) 
“ owing to the bilious blood ascending to the heart meeting 
“ in the right auricle and especially in the right ventricle 
“with the lymphatic blood (of the supeiior vena cava) with 
“ which the chyle is mixed, and so on account of the different 
“ or rather o[)posite disposition of each (kind of blood) in certain 
“ of their parts provoking an effervescence of great moment.'' 
This is the initiiil change on the right side of the heart; 
but “ the chyle reaches (not the superficial form only, but) 
“the ultimate perfection of blood through the continued and 
“ tempered effervescence, presently to be descj'ibod, w^hich by 
.“reason of the breathing of air takes place in the lungs, in the 
“ left aurich? and ventricle of the heart, and in th(.‘ larg(? trunks 
“of the aorta. By the energy and help of this effervescence wo 
“think that there bursts out and springs forth the vital fire 
“(ignis vitalis), which hy rarefying the more fatty and oily parts, 
“ not only of the chyle added to the blood, but of the blood 
“ itself, and by loosely uniting together at the same time all 
“other parts, reduces the whole into a heterogeneous, homo- 
“gencous mass, and so converts the chyle into true blood.” 

All this is wordy and vague enough ; nor is he at all more 
distinct when he dwells on that breathing of air which, as he 
has just said, brings about the above changes. After giving a 
fair description of the mechanics of respiration ho goes on to 
say, 

“ By what power, however, or in what manner and way the 
“ inspired air so alters the blood is not equally clear. 7, for my 
“ part, think that it is brought about by .reason of there being 
“dispei’sed in the air nitrons and subacid particles able to 
condense the rarefied and boiling blood and so to gently 
“restrain its ebullition.” 

Wordy and vague as his exposition is, we cannot however 
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fail to recognize the eflForts of a man working on van Helinont’s 
lines, but attempting t*) shew that the fuller knowledge of 
chemical change which he had gained by studying the actions 
and reactions of vai’ious li(piids and salts, which now dissolving, 
now precipitating each other, now provoking, now checking 
ebullition or effervescence, that is to say the development of 
gas, pointed to the conclusion that it was unnecessary to take 
refuge in subtle influences and occult ngeiudes, but that all 
the changes in the body were but larger and more comph^x 
examples of the changes which could be ])roduced in the 
laboratory. 

This is pointedly shewn by what Sylvitis taught concerning 
the secretion of urine. I have alrea<ly referred to ik)relli’s 
mechanical theorv of renal secretion. Svlvius is not cont(*,nt 

A „■ V 

with this. He says : 

“Although one may leasonably snsi)e(*t that the material of 
“the urine undergoes some special change while it is being 
strained through the papillae of the kidneys, it seems to me 
“exceedingly ];jrobabl(‘ at l<;ast that the blood and even the 
“chyle is in the heart itself, through the* vital e.ftervesceiice 
“ which it there undergoes, prepared for tlie secretion of tlie 
“ urinary serosity, and that it is th(i eornpletion only of tln^ 
“secretion which takes place in die ki<lneys.'^ And th(.*n follow 
these remarkable words, “Although 1 cannot as yet fully 
“follow out the process, nevertheless I hope to anive at it ])y 
“ the process of pr(‘cipitation.“ 

Reading betwe^m the lines by the lielp of the knowledge 
which we have gained since thos<.! days, we may find in Sylvius’s 
words a prophecy of that limitation, in which we now believe, 
of the work of the kidney to the task of secreting, l)y mere 
elimination, the urea already formed in the tissues and carrii,*d 
to the kidney by the blood. But 1 r[Uote the words also to 
shew how complete was Sylvius’s confidence in liis chemical 
methods. The change in the blood pj-eparatoiy to the actual 
work of the kidney itself, was, he had no doubt, a more* 
chemical process, such as he might imitate in his laboratory, 
adding one clear licpiid to another, and observing how a 
cloud of solid particles made its appearance, particles which 
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might be .strained off by a sieve such as the kidney se63med 
to bo. . ■ 

Borelli, as wo have seen, while accepting the old view of 
animal spirits residing in the brain and nerves, framed a 
physical mechanical conception of them ; in his eyes the animal 
spirits became a fluid of peculiar physical features, but still a 
corporeal fluid, acting in a mechanical way. Sylvius also accepts 
the animal spii*its, but to him they become a chemical fluid, a 
fluid with chcunical })ropert.ies, a fluid of the typo of common 
alcohol, existing, flowing in a pure state perhaps in the nerves, 
but capable of mixing elsewhere with the; blood. This is seen 
in his view of the s}>loeii : 

“ Since the spleen serves neither for sensation nor mere 
“ moveincMit, it must be for some other purpose that it receives 
in such notable (piantitie.s the animal spirits (as indicated by 
‘^its great nerve supply). For what end (am it rec(3ive these 
“exc?ept that they niay enU r into and be intimately mix(3d with 
“ the inflowing (arterial) ])lo<><l, aiid make*, that blood more subtle 
*‘and spirituous than its wont, that is to say, more complete 
“ than th(> rest of the (arterial) bhiod which is already pcudect, 
“ in other words, more than })erl*ect V 

Thes(3 two men, llorolli and Sylvius, stand out in the middle 
of th(? seventeenth century as tlie fovniders of two distinct, and 
indeed contending schools of thought. Borelli sought to explain 
most, if not all the phenomena of the living body as mere 
pi't>blein.s of the lu^w mathematical, mechanical, physical S(uenc(3, 
and so became the founder of the iatro-niathematical sch(iol. 
Sylvius souglit to explain the same phenomena as mere 
problems of the newborn cliemical science, and so became the 
founder of the iati’o-chernieal school. But the two were men 
of a van-y difievn^nt mould. 

Borelli had a foundation of exact, definite, proved know- 
ledge to build upon; his mind was a sti*ung and acute one; 
he himself rarely, if ever went further than facts and his 
.reason led him, save perhaps when he, as all his school avo 
tempted to do, trusted too much to the power of a formula 
to carry him over gaps where a knowledge of facts wjus 
wanting. He would have been the first to sc6ff at the handi- 
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work of some coming after him who called themselves his 
disciples. • 

Sylvius had no such exact knowledge at his back. He wfis 
groping his way in the dim twilight of a rising but not yet 
risen science ; in that dim light ho confounded shadows with 
things, and mistook the size of images looming in the mist of 
the dawn. 

^ Moroov(U‘, he ha<l neither the strength nor the width of 
mind of Borelli. He was one of those who think that a 
well-sounding phi*a.se is of iiecessity a carrier of truth, and 
he was also one of thos<5 who are prepjued to explain every- 
thing, and aic satistied th^unselves with ev(>ry explanation 
which they give. For almost every physiological problem he 
had a chemical illustration ready at hand ; and he seems to 
have had no manner of doubt tliat an adecpiate knowledge of 
alkalis and acids would carry him triumphantly through all the 
difficulties both of In^alth and disease. While Borelli was in 
the main a philosopher only, Sylvius Mas an active physician ; 
as ho considered health to be o?*dered and ap]>ropi'iate chemical 
change, so he i*ogarded disease to be exeessive or deficient oi* 
peiM'orted chemical change, a change whicdi he hoped to erne by 
the skilful adtlitioii or withdrawal of acids and the like. And 
though his followers al)used chemical, as much as Borelii’s 
followers abused ])hysical knowledge, none of them perhaps 
ever exceeded their master in (he unbounded confidence which 
he had in the validity of his method. 

The import.ance of Sylvius in the history of physiology 
attaches as we have scion rather l,o his zealous tcjaching of the 
value' of ehemical knowledge as a incjans of solving vital pro- 
blems, than to any special discoveries of his own. He was 
happier when dealing with digestion than with otliei' i)heiio- 
rmma, though his success in tliis he owed largely to Sfcensen 
and De Graaf. And one cannot but admit that in attaching 
such great importance^ as ho did to the panci*eatic juice, wrong 
as his interpretation of the natui'e of the action of that juice * 
might have been, he anticipated by some two centuries the 
labours of Claude Bernard. But even that merit soon seemed 
to be taken away from him. 
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In the year 1653, just as Sylvius was rising into note, there 
was bom at Schaffhausen in Switzerland one Jean Conrad 
Poyer, who studying at Basel and Paris, practised in his native 
town, dying there in 1712. 

In 1G77, five yi'ars after Sylvius’s death, Peyer published a 
little tract, Exercitatio anatomica medica de (jlanduiis intestino- 
nwiy in which he desciibed certain new glands, scattered over 
the intestirie, which he says he had discoveied in 1073. In 
this work he gives a very careful account of the bodies over 
since known l)y his iiaino, indicating their position on the free 
border of the intestine, and their increased abundance in the 
lower part of the small intestine, in the ileiun, and distin- 
guishing botvveej) the single solitary glands and the patches 
of agininated glands. He describes them however as l)eing 
])n)vi<led, each, with a minute pore opening into the interior 
of the intestine, throiigli which when the gland is pressed a 
pale fluid o.xudes. Ho discusses at some huigth whether the 
new glands aix^ conglomerate (secretory) in nature, or conglo- 
bate (lymphatic), and (leci<les in favour of the former view on 
the grounds tliat each gland possesses a duct, and is well 
supplied witlr arteries, whereas no lactc^als or lymphatics seem 
to proceed from it, and indcied th(5 lacteals arista from the 
attached border of the intostiiu*, wheitxis the glands in 
(piestiori are found on tlie fiee border. 

He argues that the secretion from thc^sc glands must jflav 
an im[)ortant part in the digestion of food, and suggest;s that 
they ai*e more abundant in the lower part of the intestine 
because as the food descends from the duodonunx the efficacy 
of the pancreatic juice must become more and more exhausted. 

This discovt‘ry by Peyer fitted in very well with another 
discovery made a few years later by another J(?an Conrad. 
Jean Connid von Brunner, born at Diefi'enhoferi in J653, 
the same year as Peycu*, after studying and graduating at 
Strassburg, and travelling in HollamL^ France, and England, 
was in J687 called to the chair of Medicine in Heidelberg. 
He afterwards became Court physician at Diisseldorf, and 
having had great success in practice died at Mannheim in 

1727. 
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In 1682, five years before his call to Heidelberg, ho pub- 
lished a little ?v^ork, E:vperimeHta nova circa pancreas, ein})ody- 
iiig the results of work which he had begun ten years before. 

In this he made known tliat he had succeeded several times 
in removing from a dog nearly the whole of tlie pancreas, and 
in keeping the animal alive afterwards lor a considerable time. 
He removed nearly, but not quite, the whole of the gland ; th(‘ 
extreme end lay so decqj in the body that it could not bo 
reached by the knife. 

He insisted that the animal whem it recovered from tlie 
effects of the operation, as in most cases it did, in no way 
suffered in health It ate, drank, ran about as usual, was 
well nourished, and all its digestive functions wen; carried on 
normally. Obviously says Brunner, Sylvius and Do Oraaf were 
wholly wrong in attiibutiug the importance which they did to 
the digestive; ])ovvers of the pancreatic juice;, "fhe animals on 
which I operated sc'creted no pancreatic juice into the intes- 
tine, the duct and n(‘arly the whole gland liaving been done 
away with ; y(;t th(*y (lig(‘sted as usual. 

Upon entering into the professorial chair at Heidelberg, in 
1687, Briiniua* published a J)issertaf i<> inmajnralis de 
dnodeniy in which he described the glands since known by his 
name. He states that these glands yield a fluid like pancreatic 
juice, and he speaks of t hem as being a ‘ pancreas vsecundarium.’ 
He had mentioned his results of extirpation of the pancreas to 
his friend Peyer l)ofori; tbe latter wrote; the tract just men- 
tioned ; and P(\yer saw in Brunn(;r s experiments a confirmation 
of his view that tlie glands described by him carried out an 
important part of intestinal digestion. Brunner himself how- 
ever was inclined to think that Peyers glands only secreted 
a more mucosity, and that the jcally active ag(;nt in intestinal 
digestion was to be found in Brunners glands. 

In view of the connection between extirpation of the 
paiKTeas and glycosuiia made known by modern resoarehes it ^ 
may bo interesting to note that in an experiment in which 
Brunner had first removed the splcmi, and on recjovery from 
that operation the pancreas also, it was especially to be seen 
“ that the animal made water very frequently, and that he was 

11-2 
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‘‘very thirst}^, drinking largely of water in proportion to the 
“ discharge of urine.” But as Brunner observes, the acute 
Malpighi has noticed a similar result after ligature of the 
vessels of the spleen only. These are Malpighi’s words : 

“ In a dog of as yet tender years a wound was made in the 
“ left hypochondrium, and the blood vessels of the protruding 
“ spleen and attached ornenturn wore ligatured with a thread 
“close to the hilus of the spleen; everything was presently re- 
“ placed in its former position, the peritoneum and the muscles 
“ were sutured and the skin loosiily united. After the lapse of a 
“ few days the wound had bealetl. After some weeks the animal 
‘‘was strong enough to perform with (mjoymeut all its proper 
“functions; so long as it lived no trace of any interference with 
“health could be observed. Having become more hungry than 
“ before, it took its meals eagerly, devouring bones and food of 
“all kinds. One tiling <»nly I observed, namely that it mad(i 
“water abundantly and most frequently, in fact continually. 
“Though all dogs are cuutiuually doing this, it seemed in 
“this respect to outdo all its fellows. Its habit of body was 
“in every respect sound; indeed it became fat, and in other 
“respects, in quickness and alacrity it etpialled its hdlows.” 

Post-mortem examination shewed an atrophy of the spleen, 
but hardly any other abnoi-mality. 

In another experiment, in wliich the pancreas alone was 
removed, Bi’unner observes: “1 had bought the animal from a 
“butcher, and after the operation it also was hinigry. It was 
“continually going to its old masters shop and stealing pieces 
“of meat. Indeed it carried on this game to such an extent 
“ that the butcher came to me and demanded that it should be 
“killed. This however I put off doing sinee 1 wanted to enjoy 
“ for some time longer such a pheasant experience as the 
“animal’s condition afforded mo.” In another experiment too 
the animal was particularly hungry and greedy; but in this 
case it is espt'cially noted that then? \yas no otlier symptom, 
“he was not more thirsty than before the operation.” 

With Brunner and Peyers discovery, the short-lived glory 
of tlie pancreatic juice, raised up for it by Sylvius and Dc Graaf, 
passed away. The minds of physiologists went back to the 
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older view that the stomach was the chief seat of digestion, and 
that bikreithei; served in some way as an aid to gastric digestion, 
or was merely an excrement. 

Concerning gastric digestion itself, two views contended for 
prominence. Borelli, with his mind directed chiefly to me- 
chanical effects, had pointed out the great grinding, crushing 
force which wtis provided for by the muscular coats of the 
stomach. He calls attention to the fact "'that in birds with 
""few exceptions the crushing, erosion and triliiration of food is 
“ effe(;tod by the muscular stomach itself, compressing one part 
‘"of its horny lining against another. Thus with the help of 
“small hard and sharp pebbles contained in it, which serve 
""instead of teeth, the stomach by pounding the: food swallowed 
""and rubbing its inner surfaces on it this way and that, like 
"" millstones, crushes the parts of the food until they are coii- 
verted into a very tine powder. This at l^isa, at tlie bidding 
“of his Soreiu‘ Highness J)uke Ferdinand il., I ascertained by 
ox])erimciit to be (juito true. For I introduced by the mouth 
“into the stomach of turkeys, glass globules, or rjinpty vesicles, 
"‘and leaden cubes, similarly hollowed out, pyramids of wood 
“and many othei* things, and the n(‘xt day I found tlu* leaden 
“masses ctusIkmI and eroded, the gkass pulva^rized and the 
“remaining ingesta in the same ('oiidition.'' 

He admits iiewever tliat birds of ])rey and fishes which are 
destitute of teeth and |)ossess not a fle.shy but a membranous 
stoma(;h lik(‘ tliat of a (juadruptMl, dig<‘st tiieii* hard food in a 
diff'eieiit manner. Thes(^ animals consume flesh and bones by 
‘"m(^aus of a certain very potent hunieiit much in tlie same 
""way as corrosive li([ni(ls corrode and tli.ssolve ujetals. Such a 
‘"corrosive juice is poured forth by the small glands with which 
“ the membranous subst;uice of the stomach is ciovvded, as 
“I have most clearly seen in the stornatdi of the Dolphin, in 
“which the small glands are very stout and prominent,'* 

Quantitative as he always was he desired to estimate the 
exact force of these ifmscles of the stomach, and he proct^eded* 
on the same plan as that which he had adopted for det(>rmirung 
the force of the heart systole. 

“ Having noticed that some filberts possess a shell so hard 
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“ that they can hardly be broken by the molar teeth of man, I 

“ iutntduced some of these by the mouth into the stotnachs of 

*/ 

‘ turkeys and observed on the following day that they were 
“broken and pulv^erized. And because it might be supposed 
“ that their woody husks had been macerated and softened by 
“some fermentative juice, I forthwith introduced into the 
“stomachs of other tui'keys glass vesicles, so stout that they 
“could witii difficulty be crushed with the teeth, and I found 
“ these oil the following day in the fteces reduced to powder. 

“ Hence since t he action of these two organs, that is to say, 
“ the teeth and the fleshy stomach is similar, for they act by 
“ pressure like a winepress, and overcome the same resistance, 
“ viz. the hardness of the sjime glass vesicles, we may tlierefore 
“conclude that the motive powers of the two are e(]ual. But 
“ we have already shewn that the absolute force of' the muscles 
“which close the human jaw represents a power gieater than 
“that of a weight of ISriO lbs. Thend’ori? the force of the 
“turkeys stomach is not less than the power of 1850 lbs.” 

Borelli, as we have just seen, though lie appears to think 
that in most birds the digestiv'e action is wholly mechanical, 
and indeed he maintained that the pebbles in tiui stomach 
might be not only mere nieclmnical aids, but when crushed 
might serve for nutriment, admits in llu‘ case of some stomachs 
a corrosive juice. In this p<»int as in others the followers of 
Borelli went beyond their master, an<l the iatro-physical school 
after him were jn-e pared to deny chemical action in all cases, 
and to maintain that digestion was in reality a mere trituration 
of the food by the muscular mill of the stomach into the creamy 
mass known as chyle. 

The iatro-chemical school on the oik.* hand, following van 
Helmont and Sylvius, contended tliat tin? change in the stomach 
was cluedy if not wholly a chemical changtj effected by a 
process of fermentation. Opinions differed however as to what 
was the efficient agent of the process. It was generally recog- 
aiized that the lining membrane of the stomach was glandular 
in nature ; this in many creatures, such as birds, was obvious. 
But many were inclined to attach greater importance to a juice, 
such as the saliva, which was poured forth by a conspicuous 
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duct, than to a fluid which seemed simply to ooze from a 
membranous svirfacc ; and these were led to regard the change 
in the stomach as brought about not by the independent action 
of a ferment belonging, as van Helniont had thought, to the 
stomach itself, but by such a ferment with the help of the 
swallowed saliva, or even by the saliva itself 

After the works which I have just mentioned we have to 
wAit a long time, for many years, for in fact tlic groattu- part 
of a century, before we come upon another solid addition to our 
knowledge of the subject. 

It is true that during the remainder of the seventeentli 
century new truths about chemistry, new views about clieniieal 
action were being continually gatliered in. It is tiiui that 
at the close of the seventeenth and the beginning of the 
eighteenth etuitury there Hoimshed two men who achieved 
great eminence as chemists and wlio wer(^ assiduous in applying 
their chemical knowledge to physiology; but so far at least 
as digestion is concerned their influence was that rather of 
expositors than of discoverei’s. One of these was Oeorge Ernest 
Stahl, who was born at Aiispach in 1G6() at the time when Sylvius 
was in his fullest vigour. After studying and gradiiatirig at Jena, 
he became Court physician at Weiniar, and in lbl)4 Professor of 
Medicine at Hallo ; but in 1710 being made physi<*.ian to the 
King of Prussia, he moved to Berlin, where ho died in l7o4. He 
was an accomplished cliemist, and his name tiiust always b(^ 
borne in mind in dealing with the history of science, if for 
nothing elsi^ for the reason that he was the author of the 
famous the*>ry t>f phlogiston, which ruled with a rod of iron, as 
it were, the thoughts (^f natural philosophers foi- a hundred 
years. 

His general views he seems to have learnt, in the first 
instance, from Wedel, his teacher at Jena, who was an ardent 
spiritualist and who wrote a tract on the archauis; but in 
chemistry he sab at thfj feet of Johann Joachim Beecher, of whost^ 
Physica Subtermnea, a treatise on chemistry, he publi>shed an 
edition in l7()ik Beecher developed at some length his views 
on the essential principle of fire, but does not seem to have 
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used the word phlogiston. In the Specimen Beccherianum 
which Sylvius appended to his edition of thq Physica, and 
in which he expounds Beecher’s theoretical views, he says, 
''Briefly, in the act of composition, as an instrument there 
“ intervenes and is most potent, fire, flaming, fervid, hot ; 
“ but in the very substance of the compound there intervenes, 
"as an ingredient, as it is commonly calledj as a material 
" principle and as a constituent part of the whole compound 
"the material and principle of fire, not fire itself This I was 
" the first to call phlogiston.” He had used the phrase several 
years before, as early as 1 (>07 at IcNXst. 

The pendulum swung far in one direction when Sylvius 
threw aside all van Helmont’s subtleties and spiritualistic 
conceptions, his fernu^nts which acted with a power high(U- than 
and differcuit from that governing ordinary chemical changes, 
his archad of which the ferments were the insti-uments, and 
his sensitive soul of which tlui archad were the servants — 
threw aside I say all these and maintained that the events of 
the living body were ordimiry chemical ev(?nts, ami attem})ted 
to explain digestion, respiration, and ev(u*yt,hing else; by means 
of an eft’ervescence like that which he witnessed vvhtm vitriol 
was thrown on iron filings or on Iong-e,xposed ashes. But the 
pendulum swung ba(*k again in tlie old direction, with as givat 
if not gi'eater impetus when Stahl put forward and brilliantly 
maintained the view that all tlui chemi(‘al cvcuits of the living 
body, even thoiigh they might sn])erfi(dally resemble, were at 
the bottom wliolly different from the chernitral chMuges taking 
place in the laboratoiy, since in the living body all cluunioal 
changes were directly governed h}^ the sensitivi? soul, anvnui 
aenHitiva, which pervaded all parts a.iid pi-esidtid ov(;r all evert ts. 

Stahl’s 'sensitive soul/ of which 1 shall havc^ somewhat 
more to say in a subsequent Lecture, was something v(*ry 
differemt both from the sensitive; soul of van Helmont and 
the rational soul of Descartes. To the latter indeed it 
wRkS, in truth, in full antagonism. In *^J)escartes’ view, the 
human body apart from the rational soul was a machine, 
and the phenomena of man, apart from those which were the 
direct expression of the activity of the rational soul, were the 
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phenomena of a machine governed by ordinary physical laws ; 
had chemistry Jbeen as advanced in Descartes time as in Stahrs 
he might have added chemical laws. To Stahl on the contrary 
a machine was exactly that which tlio animal body was not ; 
its phenomena were not the phenomena governed by })hysica! 
and chemical laws, but phenomena, obeying laws of a wholly 
different kind, the laws of the sensitive soul ; the sensitive soul 
made itself felt in even the simplest and so to say lowest 
changes of the body. 

With van Helinont, Stahl had much more kinship, and 
indeed his views may to a certain extent be regarded as a 
development of van Helrnonts; the sensitive s(nil of Stahl is 
that of van Helmont with two differences on!}’. Tlie sensitive', 
sonl of Stahl works directly on elieinical })roeesses, without tin* 
intervention ofarchud, and is not a mortal something associatcnl 
with, and as it were the shell of an immortal mind, but it is 
itself the immortal principhj, spiritual and imniatm'ial, coming 
from afar, and at the death of the body returning to wlnmce it 
came. 

Stahl’s fundamental position is that betwemi living things, 
so long as they are alive, howev(a‘ siniph^, aiifl non-living things, 
however composite, however com|)lex in tlnnr plienomena, there 
is a great gulf fixed. The former, so long ns they luv. a!iv(\ are 
actuated by an immaterial agent, the sensitivi* soul, the latter 
are not. ^fhis posit ion h<^ developcs at gr(*at length in his 
treatise, I)e mirfi et vu}l corporis vero diversiUite, ‘On th(> real 
differcMJce betw(*en a chemical compound and a living body/ 

A living body is distinguished from a non-living merely 
compound body by the fact that tliongh ca|)al)le of change and 
indeed, in the very dev<‘lopnietit of its activity, continually 
undergoing changes, it nev(*rthelt*ss maintains for a given periotl 
an identical existence. 

“This very preservation of a thing essentially destructible 
“by which its destruction thi-ough its own activity is prevented 
“is exactly that whidi wo ought to understand by the commoij 
“ word ‘ vital.' This is the feature by tlie alxsenee of which a 
“ body so far as it is simply a compound body contrasts with and 
“is distinguished from a body which is living.” 



170 


Sylvins and his Pupils, [lect. 

Further, the living body is fitted for special ends and 
piirposcvs; the living body docs not exist foy itself; it is 
constituted to be the true and continued minister of the soul. 
The body is made for the soul, the soul is not made for, and is 
not the f)roduct of the body. 

“ W<' may therefore i*ightly and truly conclude that all the 
actions of the body, both those which conceni its structure 
“and those which relate to the preservation of its composition, 
“ are carried out by the soul itself for its own uses and ends, 
“ and are directed and brought to completion, knowingly and 
“propei ly, in the propoj-tions and relations which fit those ends 
“and uses.” 

The soul builds up the bt>dy and makes use of it for its own 
iiids : 

“ Vital activities arc directly administered and exercised 
“by the soul its<‘lf, and are truly iuganic acts carrie<l out in 
“corporeal instruments by a superior acting cause, in order to 
“bring about coi'tain etf’oets, which are not only in general 
“certain, and in ]»articidar necessary, but also in each ami 
“ every particular adapted, in a special and yet most com- 
“ plete manner, to the needs of th(‘ moment and to the 
“vaiious irregularities intn)dueed by accidental external causes. 
“Vital activities, vital movements, cannot, as some recent 
“crude speculations suppose, have any real likeness to such 
“movements as, in an oj’dinary way, dc|)eud <»n the material 
“condition of a body and tak<j place without any direct use or 
“ end or aim.” 

Van litdmoiit, as we have; seeui, regard(.‘d areduei in the first 
<legree, and ferments in the second, as agents intervening 
betwe(;ii matter, with its material properties, and the im- 
material sensitive soul. Stahl ridicules the idea of tli(;re being 
any need of a number of such intermediate agencies between 
the soul and matter. One link between spirit and matter is 
necessary, and one only: that one is ' motion.’ 

* “That which both preserves the whofo body, and provides 
“for and carries out the uses of the soul in the body, is a 
“ something which on the one hand is quite different from the 
“ essential and proper nature of the body itself, and on the 
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‘'other hand is twin to the essential, absolute and genuine 
“nature ‘of the soul itself, — a something which is in itself 
“ incorporeal, just like the soul itself, but powerful and active 
“in the actual body, like again the soul itself. Moreover, 
“it is clear that this something niinist(?rs to the wants of 
“ the soul, not only so far as the existence and maintenance of 
“ the body is concerned, but also and especially in the naked, 
“ pure, and direct uses and purposes of the soul. And that in 
“such a way that the soul oven in its highest functions and 
“in its supreme activity has such clear, true, full power over 
“this something of which we are speaking, that it cpute 
“absolutely governs it, iiKTeases it, diminishes and turns 
“ or directs it, according to its judginent. This something 
“indeed so simply and absolutely belongs to the soul, even 
“in its most direct acts, that wlnmoviu* anything which is 
“truly and c^ssentially belonging to a. part of the soul sets out 
“ to become active, or to accomj)lish anything, it always 
“discharges that de.ty, always accomj)lish(‘s that act ]>y moans 
“of this very something of which 1 am sjjoaking, which thus 
“servt's as its true instrument; this something, however, is 
“nothing else than ‘motion.’ By motion indeed tla^ soul 
“carries out all its doings.” 

And he goes on to shew how all the phenonu'na of the 
living body, in tlndr threefold aspects, the pluaiomena con- 
coined in the ])r(‘servation of the mateiial (‘omposition of the 
body, in the formation and repair of structures, and in sensation 
with all its consequences, are all of them, to use the words of a 
inoderri writer, at bottom ‘modes of motion.' 

Stahl aj)plies these views to tlu‘ physiology of digestion. 
He admits, or seems to admit, fermentation as a j)roperty of 
iioii-Iiving things, and seems to regard putrefaction as a sort 
of fermentation also possible in and belonging to nornliving 
things. He even seems to admit that the ferments of saliva 
and pancreatic juice are such non-living agencies; though ho 
refuses to believe in a gastric ferment. “ Some people suppose; 
“that gastric digestion results from the action of particular 
“ and specific ferments, and indeed go so far as to regard the 
“ stomach as not only the seat but also the origin of a particular 
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“ferment, whereas in the whole construction of the stomach 
“ nothing peculiar is observed which would rendjer the- clabora- 
“ tion of such a special agent likely.’’ 

But even admitting the existence and action of various 
ferments, the physiology of digestion is according to Stahl 
still far from being explained. 

“ Although the medical schools, following van Helmont, 
“rightly judge, as a general conclusion that tlie resolution 
“ of food takes place after the fiishion of a fermentation, the 
“particular way in which it occurs is involved in almost in- 
“superable difficulties. The chief of these consists in this that 
“not only the feriiientation of fermentable things takes place 
“ far more rapidly in the stomach than outside it, but also, 
“ things subject outside the body to no fermentation at all, 
“unless it be that of putrefaction, undergo as it were a special 
“kind of fermentation in the stomach, and do not follow that 
“ kind to whicrh under other (urcumstances they ai'e prone, but 
“are overtaken and overcome by this digestive fermentation. 
“Then there is the specitic character which is imposed on the 
“dige>ste(l rnatei ial as is seen in the diffiTcnces which exist in 
“even the crude chyle, or the milk of diflerent animals living 
“ on exactly the same food. 

“ Ill any case tin* fermentation which takes place in the 
“alimentary can;d is not an ordinary fermentation such as 
“occurs in a merely compound not-living body, but a most 
“special character- is impressed on the change, impressed by 
“ the energy of the soul.” 

Stahl’s teaching, in fact, was briefly tins : 

Learn as much as you can of chemical and jihysical pro- 
cesses, and in so far as the phenomena of the living body 
exactly resemble chmnical and pliysical events occurring in 
non-living bodies, you may explain them by chemical and 
physical laws. ]5ut do not conclude that that which you see 
taking place in a non-living body, will take place in a living 
J^ody, for the chemical and phy'^sical pheriohiena of the latter are 
modified by the soul. The events of the liody may be rough 
ht^wri by chemical and physical forces, but the soul will shape 
them to its own ends, and will do that by its instrument, motion. 
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Sylvias and his jPtipils. 

He thus stands forth at the close of the seventeenth century 
as the founder of 'animism/ which doctrine, though his sensitive 
soul fell back later to the lower stage of ‘a vital princi))le/ 
maintained itself in many minds through the two succeeding 
centuries, and exists at the present day. 

The other man, a man of a wholly different mind, was 
Hermann JBoerhaave ; but of him it will be best to speak in 
connection with his evorj more illustrious pupil Albert von 
Haller, and in this aspect he belongs wholly to the eighteenth 
century. 



LECTURE VI 1. 

THE ENG LIS If S(MfOOL OP THE 8EVENTEENTH 
CENTURY. THE PHYSIOLOGY OF EESPIH ATTON. 

While wc liavo been following tlu^ gradual enlightenment 
of the physiological woi*ld we have seen how the spot of light 
which was the centre of illinnination shifted from place to 
place, and shone now in tme LTnivcn-sity, now in another. We 
have seen it bursting out l)rilliantly at Padua in Vesalius, less 
brightly in Fabricius; it a})peared in(‘teor-like in Switzerland 
in Paivicelsus; then it moved to London and shone in Harvey. 
Anon it burst out in the Northern countries in van Helrnont 
at Brussels, in St(?nscn at Copenhagen. It flitted back to 
Italy, to Borelli in Pisa, to Malpighi in Bologna, and onct^ more 
returned to the North to Sylvius in Leyden and to others. 

I have now to a.sk you to go back with me once mortj to 
Loiidon. Englishmen are justly proud of Harvey, and they 
take some credit for (Jlissoii. They may also boast of a little 
band, worthy successors oJ' Harvey, who in the middle and latter 
part of the seventeenth centiuy madii remarkable progress 
in the knowledge of the true nature of breathing. 

The exact physical science which Galile^o had begun at 
Pisa soon crossed the seas and passed to England, stirring 
up a knot of men to pursue studies of the same kind, a knot 
of men who some few years afterwards founded the Royal 
•Society of London, for the advancement of natural knowledge, 
in the hope, a hope not wholly unfulfilled, that it would help 
them in their “ attempts by actual experiments to shape out 
a new philosophy or to perfect the old.” 
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Conspicuous among these was a gentleman of leisure, of 
noble birth, thh Honourable RoV>ert Boyle, whose k(M*7i intt?llcct 
j)iercc*(l far into every problem to which he turned his mind, 
and who touched nothing without leaving his mark upon it. 

It would be out of place for me here to attempt to give 
even a sketch of Boyle’s intluence on the pi-ogress of physical 
and chemical science. I must contcait myself with speaking 
only of his notable contribution to the .s(»lntion of respiratory 
problems, a contribution which was part of and incidental to 
his researches on the general properties of the atiiiosphere. 

Bcfoie doing so I must brictly recall to your minds th<* 
])rogre8S which had been made in the knowledge of this subject 
of respiration up to the time when Boyle made his notable 
experiment. 

In the old Galenic doctrine the movements of |•es[)i^atiun, 
as we have seen in speaking of Fabricius, served a double, or 
rather a triple purpose, lii the first place the air introduccMl 
by breathing served to regulate, to maintain, and at the same 
time to temper, to refrigerate the irinatt? heat of the heart, 
that fin? which, placed in the heart at the beginning, c(>ntinuo<l 
there all life long and was the one source of the* warmth of 
the body. In the second place the pum[)ing action of the 
chest served to introduce into' the blood the air which was 
necessary for the generation in the left side of tlie heart *)f 
thc 3 vital spirits, which w(3re thence ilistributed over the body 
by the arteries. In the I bird place the same action sorv(Hl to 
got rid of the fuliginous vapours, the* products of the innate 
fire burning in the heart. Both tin* i)ure air engendering the 
vital spirits, and the foul vapours the effect of the heart's 
labours, were supposed to pass by the vein-like art(uy, the 
pulmonary vein, the one one Avay, the other the other. 

The absurdity of supposing that the same ehaimel (?onid 
serve for these two currents is put forward by Harvey in his 
book as the first difficulty which meets one in considering the 
validity of the Galenic doctrines; but it was a dilhculty whiett 
Fabricius did not feel or which at least lay lightly upon 
him. 

With Harvey s demonstration all this view fell crumbling 
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to the ground. It Avas seen that as the blood-strearn SAvept 
through the lungs from the right to the left side of the heart 
a great change in the blood took place ; from being venous it 
became arterial. But Avhat the change exactly Avas, or how*^ it 
took })laco, and what tlie connection Avas between the change 
in the blood and the movements of the lungs, and indeed what 
Avas the exact purpose of the bellows-like heaving and falling 
of the chest remained unsolved problems. , 

Van Hclmont as we have seen, if Ave may distinguish 
betwecui his fourth and IiIkS fifth fermentation, thought that the 
blood in y)assing through tlie lungs suthu’cd a fermentation 
by which it became lighten' in colour and more volatile, a 
fernientabion difieicnt from and introductory to that by which 
the vital spirits wt're engendered in the loft ventricle, and 
across the septum in the right ventricle also. But he is not 
clear on this jioint, and in any case he see»)is to have attributed 
nothing to any mijigling of the blood in the veins with the air 
ill the lungs. 

Wlu^n AV(; (U)ine to Borelli avo pass at once into a clear 
understanding of the problem so IVir as the mechanical side of 
it is concerned. Me apjilied to the median ics of breathing the 
ncAv knowledge which had been arrived at on the one hand of 
mnscidar contraction, and on the other hand of the pressure 
and elasticity of the atmospluu'e, and so at once reached the 
truth that inspiration consists in the entrance of air by virtue 
of the pressuT’o of the atmosphere into the chest enlaigod b}' 
the muscular contraction of its Avails, and ejcpiration in the exit 
of the air so entering, mainly at least by cessation of contraction. 
Fabricins had, as Ave have seen, some sound vieAVs on this 
mattm', but Bondli went far beyond him. 

When lie (*ame to deal Avith the chemical aspects of 
breathing Borelli rejected instantly and peremptorily the old 
view that the movements of breathing were for the cooling 
and ventilation of the innate fire of the Ijeart, or for expelling 
file vapours generated by such a fire. 

In discussing the subject in his book he lays down by the 
help of formulfe and figures certain propositions concerning the 
laws of mixture of the minute particles of diverse fluids exposed 
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in certain channels to certain pressures ; and he finishes his 
exposition witk the following words : 

I have expounded the above matters because eminent 
“anatomists have thought that breathing was instituted in 
“ order that the chief parts of thtj blood (namely the serous, 
“and coloured parts as well as the chylo'js material together 
“with the lymph) may be completely mixed in the lungs so 
“ that for instance the minutest particles of the one may come 
“in contact with and receive among thcmsel v<.‘S the minutest 
“ particles of the rest. And they think that this is eftected by 
“the repeated rythmic pressure exerted by the inflated vessels, 
“Therefore aft(*r my wont, without mentioning any names, I 
“Avill, in the interests of truth, expound the reasons which 
“render such an opinion doubtful.” And this he goes on 
to do. 

Now Malpighi, in the lettei* to Borelli in which he an- 
nounced his dis(iovery of the true structure of the lung, and 
which Borelli at the time loaded \vith praise, had ventured 
to })ut forward just such an explanation as that given above 
of the use of the lungs. It is his old friend Malpighi whom 
Borelli is here attacking. 

And Malpighi, in his autobiography finished Just bi'.fore his 
death, and jiublished by the Royal Society in lOOT as part of 
his posthumous works, in describing how his little tracts were 
received by the leariKjd world, red'ers to the matter in the 
following way : 

“You will wonder, Reader, when I tell you that the most 
“learned Oiovauni Aljihonso Borelli whom I a litth? while back 
“ spoke of as most anxious that my Letters shtiuld be pnblish(?d, 
“now breaks out int<» opposition to and severe criticism of my 
“ views. The reason which has led him to do this is because 
“the literary intercourse which existed between us having been 
“broken o0’ ho became so inflamed with anger against me and 
“mine that in the book which he composed in his last declining 
“years, namely the orie ou the movement of animals, he seized* 
“ the opportunity of disproving my opinions. In this book, he, 

“ without mentioning my name attacks with many aiguinents 
“ the use assigned by me to the lungs.” He then in turn 
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refutes Borellis arguments; apparently he remained by his old 
opinion until his death. » 

Boi’elli sums up his exposition of the erroneous views put 
forward concerning the purpose of breathing as follows; 

“ It is clear from what has been said that the use of 
breathing is not the cooling of the excessive heat of the heart, 
nor the ventilation of the vital flame, nor the mixture of the 
“ heterogeneous parts of the blood brought about by the 
“pressure of the inflated vesicles of the lungs, nor merely the 
“passage of blood from the right to the left ventricle of the 
“ heart in order that the circulation may be carritid on. But so 
“great a machinery of vessels and organs of the lungs must 
“ have been instituted for soim^. grand purpose ; aud that we 
“ will tiy to expound, if possible, though we shall stammer as 
“ we go along.” 

He remarks that, in spite of the (5X{)ei*imeiib tluit air blown 
through a tube into the bronchial tubes does not enter the 
pulmonary vein, many authors maintain, and justly maintain, 
that air does somehow fiiul its way from the lungs into tlie 
blood. These authors suppose for this purpose the exi.steTico of 
minute pores leading from the interior of the lungs into the 
blood vessels. Such a suppo.sition, liowevt'r, is, in his opinion, 
not necessary, since air dissolved in lirjuids can ))ass tlirough 
membranes, and thei-o is always in the bronchial passages some 
fluid in which the air might be dissolved. 

He goes on 1;o insist that “ air taken in by breathing is 
the chi(if cause of the life of animals,” far more essential than 
the working of tlio heart and the circulation of the blood. 
A frog will live after its heart has been wholly cut away, and 
insects may be divided into pieces and yet live for a while. 
The stoppage of breathing, on the otlior hand, brings about in 
all cases the cessation of life. 

“The experiment which proves most completely the truth 
“ of the assertion (that air is necessary to life) is the sudden 
.“removal of air by Boyle's pneumatic machine, or better still 
“by the Torricellian vacuum with the help of mercury. 
“Animals of all kinds shut up in such a vacuum immediately 
“ fall down dead ; but if the air be instantly renewed with 
“care, may be brought to life again.” 
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He recognised that particles of the air taken into the lungs 
enter in and Reeomo mixed with the blood. But true to his 
position as a physicist dealing only with [irobleins capable of 
being solved with mathematical certitude, and refusing to 
attempt to solve problems in any’^ other way, he rejects all 
vague chemical suggestions as to particular chemical substances 
being drawn from the air and mixed with the blood. “The 
“particles of the air mixed with the blood do not increase its 
“ hexibility. nor do they produce an effervescen<*e in the heart 
“ l)y riiason of their elastic force or of their nitrous nature/’ He 
inv(3nts a pliysical hy])othesis of molecular inoveineiit. He sup- 
poses that tlio entrance of air into the blood produces continual 
delicate oscillations (contuuKe tnotionis^ treniuhf), which liki3 
the pendulum. of a clock regulate all animal actions. 

This exposition by Borelli appeared in print wIkui liis book 
was published in 1G80-1; but, as we have already s:ii<l, much 
wliich is to bo found in the book had been publicly taught by 
him many yeaivs befoie, while ho was at Pisa. Since, as he 
himself admits, he rarely <}Uot(‘d authorities, it is ditficult in 
many cases to decide whether the view which liorelli is ex- 
pounding is really his own, reached by him at an early date or 
has b(?on taken from some other author who had put it forth 
before Borellis book was hnishe*d for tlio pr(3ss. And, as we 
have soon, he nev(ir really iiiiishe<l the book ; ho continued 
labouring to improve it until almost the day of his <leath. We 
may however conchule from the i]Uotations just given that he 
was acquainted with tlie views put forward during his life-time 
by the English School of which I a.m about: to speak; and we 
may also conclude that lie ri.j(3cted those views. To these we 
must now turn. 

Robert Boyle as all know bushel himself with the now views 
as to the weight and pressui’C ot air introduced by the observa- 
tions of Galileo, Torricelli, and Pascal, by which the old plenum 
doctrine of Descartes was overthrown. With his new pneu- 
matical engine, or au'-pump (which von Guerickt^ had just* 
before introduced) he made many’^ researches on the spring or 
elater of air. 

He shewed in 1600 that even in a partial vacuujii 
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brought/ about by his air-piiinp, and much sooner in a more 
complete one, flame was extinguished and life soon came to an 
end ; the candle went out and the mouse or the sparrow died. 

This experiment, which is referred to in the quotation from 
Borelli given above, must be regardeil as the fundamental ex- 
periment in the })hysiology of respiration. It shewed not only 
that the thing called air, and not merely the movement of the 
chest in brealJiing, was essential to the due eficct of breathing, 
but also that the change whatever it might be which was 
ettected by breathing was identical with that which was going 
on in the burning of a candle. 

The next step was taken by llobert Hooke. This man, 
of singular ingenuity, born in 1035 and dying in 1702, held for 
many years, from 1064 until his death, the oflice of curator of 
experiments to the newly founded Royal Society, having been 
some time previously assistant to Boyle. He was one of the 
earliest and most zc'aloiis users of the newly invented micro- 
scope, and in his Micvofjraphia, ])ublished by the Royal Society 
in 1607, records his numerous “ Obseiwations inade on Minute 
Bodies of very varied kinds by Magnifying (i lasses.*’ 

As Curator to the Royal Society it Ava.s liis duty to perforin 
experiments beForc the Fellows at their meetings, and these 
experiments, such was the versatile ability of the (/urator, were 
very diverse in kind, physical, chimiical, and physiological. 

At their meeting of Oct. 24, 1()07, ho delighted the Fellows 
of the Society with an ex])eriment on artifleial respiration, an 
account of which is given in no. 28 of the Philosophical 
Transactions. The experiment of artifleial respiration had 
often been done, before. Vesalius tells us how he used to per- 
form it, and points out how the beat of the heart and arteries 
grew taint and almost ceased wlieii the action of the bellows 
was stopped, and how it revived again with great vigour so soon 
as inflation was begun again. But no one had drawn from the 
experiment the important conclusion which Hooke drew. 

In the first place having widely opened the thorax of a dog, 
he shewed that the animal could be kept alive by artificial 
respiration in absence of all movements of the chest wall. This 
proved, and the point had been previously doubtful, or at least 
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Dot unreservedly accepted, that the whole of the essential 
business of rc?spiration is carried on in tlu^ lungs, tliat the 
movements of the chest are useful only so far ns they bring about 
the changes, the alternate expansion and collapse of the lungs. 

In the second place, and this was i-enlly the important part 
of the experiment, he shewed that the animal could almost 
equally well be kept alive without any movement of the lung. 
He kept the lung motionless but thoroughly distended by 
maintaining a powerful blast with the bellows, the air driven in 
escaping continually through minute holes pricked in the lung. 
This shewed that the mere movement of the lungs in breathing 
which had of old been thought to b(‘ i.he essential factor in 
reS])iration was an incidental and not a necessary feature of the 
business. The essential feature was a sup[)ly of fresh Jiir 
adequate to keep u)) the resultnig change in the bloorl. The 
qualities, whatever they might be, by assuming which blood 
passing tlirough the liuigs became arbuial and tints lit to 
nourish the body were iiriparted to tlui blood not by movement 
but by the mere ex]K)sun? of the bhxxl to air, that is to fresh air. 
The concussions which it had been supposed by some wmv given 
to th(5 column of blood by the iiioveineiits of breathing, had 
nothing to do with tlie matter, nor indeed had movement any 
real shat'e in tin; bnsint'ss. Tho s(xa*et of the cliange lay in tlie 
mere cjxposure of the blood to fresh air, to air mack.'! fresh, in 
natural breathing, by the bellows-liktj action of the eluist. And 
Hooke at the close oi' the experiment asktMl the pertiriciit 
question “whether suffering the (venous) blood to circulate 
“tlirough a vessel so that it maybe u[)enly exposed to tlu‘ fr(‘sh 
“ air may not sullice (instead of lungs and breathing) for the life 
“ of tlie animal ? ” 

The next step was taken by Richard Lowei*. 1 have 
already referred to this singularly able man, tlie hencliman 
of the fashionable Willis, whose false fame in large measure 
ri‘sted on Lowers careful, unacknowledged work. 

Born in Corn waif in 1081, educated at Westminster Schoof 
in London and afterwards at Oxford, he stayed in the latter 
city for some ytiurs, while Willis was Professor. 

In iOOo he created quite an excitement by his experiments 
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on transfusion; through these he became for a while the talk 
of the town. The inordinate hopes which were' raised by this 
new method were never realized ; but the fact that such experi- 
ments were at that time made is a striking proof of what a 
revolution had been (effected in men’s views as to the circula- 
tion of the blood in the thirty-seven years which had passed 
since Harvey’s book was published. Before the doctrine of the 
circulation of the blood Inul been established, to prolong life or 
cure disease by injecting blood into a blood vessel would have 
seemed the htnght of absurdity. 

The fame of his transfusion seems to have brought Lower 
from Oxford to practise in London, where especially after 
Willis’s <leath in 1075 ho became very popular; V)ut his 
pronounced political attitude, he was a fervent whig, stood 
in his way. his practice ‘fell off’ and he died in anything but 
prosperous circumstances in IbOO. 

In 1069 he published his Traciatufi de corde. In this ho 
not only gave a much mor<i accurate description than anyone 
liad given before of the structure of the lieai t, including the 
distribution of its nt'rves, but ho also gave an account of the 
physiology of the heart, in which he completed and extended 
Harvey’s exposition with the help of all the new (‘xa(!l, physics 
which had ct)nio to hand since Harvey wrote his work. He 
gave more accurate measurements than Harvey had published 
(Harvey as we know had made many observations in addition 
to those recorded in his book, obsei-vations wliich he promised 
to publish but never did) conccrnijig the amount of work done 
by the heart, and the velocity of the flow in the arteries. Ho 
recognized th(! meaniTig of the .stout walls of the arteries and 
the thin coats of the veins. Ho noticed that when one carotid 
\vas ligatured the other beat nH»re forcibly ou account of the 
greater amount of blood throwul into it. He produced ascites 
by ligaturing the vena cava high up, and intravascular clotting 
by injecting milk. He was aware that the heart would beat 
for a while cut away i'rom all its conndotions. In short he 
obtained at that early date a rough perhaps, but true view of 
most i>f the main facts of the circulation. As a Fellow of 
the Royal Society he w^as of the opinion that new truths 
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were to be reached mainly by way of experiment, and as a 
physiologist hft like Harvey sought for truth in experiments 
on living animals. And his experiments led him to truth. 
His exposition of the circtdation though less formal than that 
of his contemporary Borelli, for Borelli was teaching while Lower 
was experimenting and practising, not bristling as does Borelli's 
with mathematical formulae and scholastic th(*orems and lem- 
mas, comes in many respects much nearer the trutli, is much 
mojc like a modern exposition, and may wit.h profit be read at 
the })resont day. 

But it is not to Lowers views on the heart and circulation 
that I wish now to call attention. In his work on the heart 
there is included the account of experiments having results 
fundamental in the history of resiii ration. 

It was known of course of old that venous blood was dark 
and arterial bright, bnt tlu^ change was thought to takt? place 
in the heart, on the left side of the heai't ; and this vi(^w was 
maintained ev^en after the circulation through the lungs had 
been acc(*pted (though van Helinont s(‘ems to ha,v(‘ caught 
sight of the truth that the change might take place in the 
lungs). Moreover the change iri colour was thought to be only 
a superficial accompaniment of ])rofoimd dilferences between 
the blood in tlio ai'teries an<l the blood in the vians. 

Lower’s cartdid quantitative determinations and calculations 
of the fli»vv of blood through the heart rais(*d as he says doubts 
in his mind as to '‘whether there could be that gr(‘at difierenco 
“between venous and arterial blood which the, vulgar think.’' 

He suspected that the change of (M)lour took place in the 
lungs as the contents of the pulmonary artery found their way 
into the pulmonary veins, and that it was due simply to the 
exposure of the blood to the air in the lungs. But so long as 
he made observations on natural breathing he failed to satisfy 
himself of the correctness of his supposition. 

Hooke’s experiment on artificial respiration gave him the 
opportunity he desireci. Examining the lungs of an animal keptf 
alive by artificial respiration after the chest had been opened, 
he had no difficulty in ascertaining that the blood in the pul- 
monary veins long before it reached the heart was florid in 
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colour. He further saw that when the artificial respiratioii was 
stopped, wh(‘n no frcish air was di iven into the Ivings, when the 
animal was suttocated, the blood in the ])ulmonary veins and in 
the loft side of the heart became dark and venous. He took 
dark venous blood from the vena cava, and injected it artificially 
through the lungs. He found that so long as insufflation of 
the lungs Ava.s ke[>t up the blood ran out by the pulmonaiy 
veins florid in colour, but ran out dark and unchanged if no 
fresh air was di*iv(m in to the lungs. 

He concluded that the change in colour was due simply to 
the blood being exposed in the lungs to air; and he was 
confirmed in this comdusion by observing the fact that a clot 
of dark venous blood scum becomes florid on the upper surfirce 
where it is exposed to th(.‘ air; and that if the cake he turned 
upside down the under dark surface also soon becomes florid. 

And he at once took the next step and drew tlie further 
conclusion that the change in coloui* was due not to n)er(3 
exposure alone but to th<i blood taking uj> some of the air. 
Arterial blood, according to him, diffei's from venous in that 
it contains air ; as the florid arterial l)lood passes from the 
body ail- escape.s from it and it becomes dark and venous; as 
the dark venous blood passes througli tin* pulmonary circulation 
it takes up air again and once more becomes florid and art(jrial. 

It is this c(jntinnal entrance of fresh air into the blood 
which naiders fn^sh air so necessary fui' the maint(mance of 
life. Were it not for this w<3 should breathe as well in the 
most filthy prison as among the most delightful pastures.” 
fl'he same fresh air is as much needed for our breathing as 
for the burning of a Hame, “in fact where a fire burns readily, 
“there can we easily breathe.” 

Lmver speak.s only of air being taken up as air, and as wo 
have seen Horelii had also come to the conclusion that air is 
taken up b}^ tlie blood in the lungs ; but ho writing towards the 
end of the seventies might have been aoipiainted with Lower’s 
^••esults. Neither one nor the other alludes to the possibility 
of a j)art of the air only being takiui. It was the common 
opinion of the time and one which lasted for long afterwards 
that air, the air of the atmosphere, was a single substance not 
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a mixture of two or more tilings, though it was admitted that 
iu the atmosphiere there existed besides the air proper, or pure 
air, suspended as it were in this, a number of particles of a 
different and probably varied iiatuie. 

Both Lower and Borelli seem to have thought that it was 
the air proper, and not any special particles in it, which passing 
into the blood brought about the change of colour, ilooke, in 
his Micrograjihia in KKiT, treating of (‘barcoal and sj)eculating 
concerning flanie, propounds the view that it is duo to action of 
a part of the air wdiich he calls a * menstruuni,’ a substaiice 
‘‘inheriint in and mixt with the air, that is like, if Jiot the very 
“same with that which is Hxt in 8alt-peter.” But he dc»es not 
go beyond this, and does not apply the same view to breathing. 

It was left for a countryman of Lower, for one belonging as 
he did to the Univ(avsity of Oxford, to take? th(> la^xt ste[) in 
the physiology of respiration and to bi-ing foi wurd r('asons for 
thinking that iu breathing only a part of the air, not the wliohi 
air, not the air pioper, was takeji up into tin; blood. 

John Mayow, coming like Lower of a Cornish family, was 
born in London in the year befun* van Ilolmont died. 

Admitted a scholar at Wadham Colh*ge, Oxfoi-d, ho bocanuj in 
due time a Fellow of All Souls. ])e.vot(Hl as he was to science, 
physic was not his profes.sion ; ’ he took a degree in law “and 
“ became noted for his practice therein, especially iu the summer 
“time at Bath.” Yet to jmlgo from his works one w'ould 
have thought that the whole of his time at ()xi‘or<l had betui 
given up to continued research. In KiOS, ju.st four yt^ars before 
Sjdvius’s death, he published, while as yet a young man of 
twenty-five years, a little work eontaining four tracts, (1) IM 
sal nitro et spiritn nitro aereo, (2) l)e respiratione, (H) J)e re- 
spiratume fwtns in ntero et ovo, (4) J)e )notii in.iisonlari et 
spiritibiis aninuilibus. lie eventually migrated to London and 
in 1678 was admitted a Fellow of the Iloyal Soeiety. In tin) 
following year he died in Covent Carden at the all t-oo (?aj’ly 
age of thirty-live, “•having been married a little before Jioi# 
“ all together to his content.” 

Mayow\s contribution to our knowledge of j'espinition was 
this. He shewed that it was not the whole air M'hich was 
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necessary for i*espiration, and which wsis used for respiration, 
but a particular part only of the air; and, as we shall see, by 
this particular part, though he called it by a different name, 
he meant what we now call oxygen. 

I’hc formation of nitre in heaps of decomposing animal and 
vegcitable matter, and the properties of nitre or saltpetre, 
especiallj" as the constituent of gunpowder, had for a long time 
excited the interests of chemists. Nitre was made the pivot of 
various cliomical theories and ideas. “ Nitre, which has made 
as much noise in philosophy as in war.'’ 

Sylvius in treating of respiration, of the m(‘chanics of which 
he gives a fair description, and concerning which he had rejiched 
the conclusion that in breathing air passes from the lungs into 
the> blood and produces a notable change in it, has the following 
remark. “ By what power however, or in what manner or way 
“ thr* inspired air so alters the blood, is not equally clear. I 
think it is brought alxuit by reason of tliere being dispersed 
**in the air nitrous and sub-acid parts able to condense the 
“ efferv<;S(Mng and rarefied blood and to gently rei^traiii its 
“ebullition. I distinguisli however betweoui the sub-acid and 
“the nitrous parts of the air, since the sub-acid parts are for 
‘'the most part sinijde, but the nitrous on the contrary are 
“compound, coiripos(*d <if acids if 3x1 u like, though not with 
“any you please, but also of oily parts and lixivious salts, as 
“is clearh' proved by tha artificial {i.e, chemical) synthesis and 
“analysis of nitre.” 

Whether Svlviiis wrote the above as the result of his own 
researeln.s or whetlnn' he had Inward of Mayow’s incjuiries is not 
certain ; but in any case 8>dvius’s obscure views are very 
different from what Ave shall see to be the definite and clear 
conceptions of AFayow. 

In the irjtroductiori to his tract on sal-nitrum Mayow 
undertakes to prove, 

“ That this air which surrounds us, and which, since by its 
“tenuity it escapes the sharpness of our*’eyes, seems to those 
“ who think about it to be an emjit}” space, is impregnated with 
“a cc^rtain universal salt, of a iiitro-saliue nature, that is to say 
“ with a vital, fiery and in the highest degree fermentative spirit.” 
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It is this which he calls saUiiitro-aereiim or spiritiis nitro- 
aereus, or so!))a.times igneo-aereus. 

Mayow Wiis a chemist, far more of a chemist than Low('r 
or Hooke, perhaps even more distinctly a chemist than Boyle; 
he had doubtless read carefully the works of Sylvius and 
van Helmont, and had probably repented many of their ex- 
periments. He uses the current terms of the chemists of the 
period ; and in reference to this it may bo well to note that 
the word ‘salt' had not yet acquired tlie limitt‘d meaning 
afterwards attached to it; it was still oft(*ii used to denote 
any substance (wliother elementary, as we should now say, 
or compound) not distinctly metallic, or distinctly li([uid. 

Mayow first expounds the nature of nitrc.‘. Tlie common 
method at that time of prepariiig nitres was to allow heaps of 
vegetable matter to deconjposo with exposure to tht'. air, and 
then to dissolve out and crystallize tlu> potash nitre so formed. 
He says that it is dei*ived partly from the air and [Kirtly from 
the earth. There is the sal lixani or sal alkali, or as we now 
say, potash ; this distinctly conuis from flu* earth. .B(.‘si(U‘s 
this then? is the siyivUns acidns, or as we now say, nit ric acid. 

For a while he thought that the wh(»le of this 8i»iritus 
aeidus was deiived from the air, that it existcMl distriV)ut<‘d 
throughout the atmosphere divided into extremi*ly minute 
particles. But this seemed incompatibU^ with the well-known 
fa(*t that the spiritus aeidus is a corrosive liquid, extinguishing 
dame and destructive to lif(\ Ht* conclud(‘S tlnu'elori^ that part 
only of the acid exists in the atmosphere, and that ]>;irt is Ids 
sal'idtro-acreum or spiritiis nitro-acretis. 

In attempting to lay hold of the nature of this nitro-aereal 
agent ho first reminds hi.s readers that a certain part of the 
air is necessary for the maintenaiuH' of combustion. says; 

“In the first place it must, I take it, be granted that 
“something in the air, whatever it be, is necessary for the 
“ burning of every dame. This Boyle’s exjKU'iments have 
“placed beyond doubt. For those shew that a lighted candle^ 
“goes out much more quickly in a glass dask empty of air 
“than in the same vessel full of air, a clear proof that the 
“ flame, enclosed in the flask, goes out not because it is 
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“ suffooated by its owii smoko, as soino have thought, but 
“ because it is dejuived of its aereal sustenance or food 
( ptihidunt ). For since there is more ro»)m for the reception 
‘"of the smoke in the flask, when it is exhausted of air than 
“ when it is full of air, the candle ought to go out more 
‘‘(|uickly ill the latter than in the former, if its going out was 
“ merely due to the smoke. 

“ IMoreoN'cr sul[)lmreoMs {i.e. oombustible, he uses the time- 
“ honoured V'alentinian nomenclature of the ditfereut natures 
“of things) matter, of wliateviu* kind, when placed in a flask 
“exhausttHi of air, cannot be ignited either by burning char- 
“ coal or red-hot iron, or by the smds rays concentrated by 
“ means of a burning-glass. So that there cannot be now the 
“slightest doubt but that certain aerial particles are altogether 
“ necisssary for tlie lighting of tire ; and indeed our opinion is 
“that these same particles play the chief part in igniting Are, 
“and that the form of ilamij depends mainly on these particles 
“ being agitated in a most destructive m aimer, as 1 shall sliew 
“more fully latei* on. 

“Ibit it must, not be thought that the ignoo-aereal food (of 
“flame) is air itself; it is only a more active and subtle part 
“of it. For a candle enclosed in a flask goes out although 
“there is still contained in the flask an ample abundance of air. 
“ Now we cannot sufipose that the particliis of air which existed 
“ in the flask were destroyed by the burning of the candle or 
“ that they cscapoil and got away, for such particles are unable 
“ fo pass through the glass. Moreover it is not probable that 
“ those igneo-aei*i‘al jiart.icles are a sort of jierl'iictiM.l nitre, as 
“ the common opinion runs, for as has been shewn above it is 
“not the very whole of the nitre but only a certain part of it 
“ which is deriveii from the air.” 

Ho then goes on to shew that the particles of air, forming 
the more active and subtle part of air which is thus necessary 
for combustion, exist in nitre and indeed constitute its “ more 
active and fiery pai t.” For sulphur when*mixed with nitre will 
burn in the absence of air, in a vacuum for instance, or under 
water. “Thus a squib made of gunpowder of which nitre is an 
“ important constituent will burn right away under water.” 
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For every combustion there is needed on the one hand 
sulphureous (combustible) material, and on the other hand 
igneo-aereal particles. Now thoi*e art* no sulphureous par- 
ticles ill nitre, hence nitre will not burn by itself. But nitre 
as just stated when mixed with sulphureous particles burns 
most readily, even without the access of air. 

He concludes that the aereal part of nitre is nothing else 
th^an the igneo-aereal particles of whicli In? has been spt'akiiig 
as essential to combustion ; tliese particles exist, not in the sal 
alkali part of the nitre, but in the spiritus acidus part; an<l lie 
eiitej*s into an explanation why the whole nitre, sfiiritus acid 
and sal alkali together, is bottiT suited for burning than the 
spiritus acidus itself, though this really contains the elements 
essential to combustion. 

It is obvious from t]i(‘. aliove that Mayow, by Ins nitro-aereal 
or igneo-aereal salt or spirit meant nothing Ic'ss than that which 
we for a hundred years or more have Vkhmi calling oxi/acn. And 
he thus, with clear insight, sums up the conditions necessary fm* 
combustion to take place : 

C^^nceruing tire (combustion) it must be not<‘d that for the 
‘‘ ignition of this it is nec(\ssary that ignoo-aorc^a! particles 
'‘should either jiroexist in the thing to be burnl. or should he 
“supplied from the air, (binpowili*!' is veiy (*asily burnt liy 
“itself by reason of tlie igneo-aereal yiarticles existing in it. 

“ Vegetables are burnt partly by means of the igneo-aereal 
“particles existing in them, partly by lieli> of thosi^ brought to 
“them from the air. IhiriHed sulphureous matter on the con- 
“traiy can be burnt only witli the helfi of ign(‘ 0 -aer(*al particles 
“brought to it by the air,” 

He also rccognizc<i that in combustion the igneo-aereal 
particles (‘liter into condiination with tli(‘ substances burnt. 
In the course of this discussion on buiriing he makes the 
following very remarkable ndlcictioti. He was writing in 1GG8. 
Many years afterwards in 1007 Stahl as I have said introduced 
the phlogiston theory? The essence of that theory was the view* 
that when a combustible body, a phlogisticatej.d body, underwent 
combustion, phlogiston departed from it; th<‘, body suffered a 
loss, it became dephlogisticated. The world had to wait lor 
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nearly a hundred years after Stahl until Lavoisier overthrow 
the theory by proving tliat in combustion a body suffered not 
loss but gain : the metal burnt into a metallic oxide increased 
in weight. This is what Mayow said more than a hundred 
years before L ivoisiei*, many years before Stahl : 

“ Nor must the following point be passed over, that anti- 
‘*nionium burned by the suns rays (collected by a burning- 
-glass) increases considerably in weight; as may be proved by 
“experiment {i.t\ by actual weighing). Now we can hardly 

- conceive that the increase of weiglit of the antimonium arises 
“ froui anything else than from the igneo-aereal particles iu- 
“ sorted into it during the calcination.’’ 

Wliat a zigxag path, how unlike a straight line, is man’s 
progress in search of truth. Here is Mayow reaching a point 
far all(^ad, and Boyle a little later had grasped the same fact ; 
Stahl drags, or seems to drag, the whole world of thought 
back; and more than a hundred years afterwards Lavoisier 
reaches the same point as Mayow. How true it is that the 
valiKi of a truth is not absolute; there is a time and a place 
for everything, including a now truth. If a discovery is made 
before its time, it withers up barren, without progeny, as did 
Mayow’s. 

Having thus developed his views as to the nature of com- 
bustion Mayow went on to identify burning and breathing. 
Both, he said, consist in the consumption of the igneo-aereal 
particles of the air : 

“If a small animal and a lighterl candle be shut up in the 
“same vessel, the entrance into which of air from without be 
-prevented, you will see in a short time the candle go out; nor 

- will the animal long survive its funeral torch. Indeed I have 
-found by observation that an animal shut up in a flask 

- together with a candle will continue to breathe for not much 

- more than half the time than it otherwise would, that is, 

“ without the candle. 

• - Nor is it to be supposed that the animal in such a case is 

“suffocated by the smoke of the candle, since if the flame be 
-supplied by the burning of spirits of wine no smoke is pro- 

- duced (and yet the animal dies) ; moreover when a candle is 
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“ used the animal lives fur some time after the candle has gone 
‘'out and its siiKjke has disappeared, so that we cannot suppose 
“that it is suffocated by the smoke. 

“ The reason why the animal can live some time after the 
'‘candle has gotie out seems to be as follows. The ilaine of tlu^ 
“candle needs for its maintenance a continuous and at the 
“same time a sufficiently full and rapid streani of nitro-aereal 
“particles. Whence it comes about that if the succession of 
“nitro-aereal partudes be interrupted, even ibr a inoment, or 
“if these are not supplied in adequate (juantity, the tiarne 
“presently sinks and go<\s out. Hence, so so(.>n as the ign(M>- 
aoreal particles btjgin to reach the flame scantily and slowly, 
“it is soon extinguished. For animals, on tin? other hand, a 
“ lesser {store of the aereal food is sufflcii^nt, mid <.>iui supplied 
“at intervals, so that the animal can be sustained by the 
“aoreal particles remaining nftor tlu? eandle hn.s gone out. 
“Here it may be rcjinaikifd that tlu? movimients (expansions) 
“of the collapsed lungs not a little luip towards the sucking 
“in of aereal particles which may remain in the said flask, 
“and towards transferring them into the blood o(‘ tlic breathing 
“animal. Whence it comt?s about that tin; animal does not 
“perish until just before the juutnd parti(ii.‘s are wholly 
“exhausted. And hence it is that air in which an animal 
“is suffocated is diminished in volume more than twice as 
“much as that in wliicli a candle g(K‘s out.’’ 

This latter seiitcmce n?fers to another asj)ect of the matter. 
Pliysicists were then miKih exercised and Boyle’s experiments 
ill particular had led to much discussion about the ‘spring’ 
{elater) of air — the elastic force {vis cla’Stica) of air, and the 
pressure of air. 

Mayow observes that when a caudle is burnt in a closed 
vessel over water, the water rises alter tlie primaty depression, 
duo to expansion from heating, has passed off; the burning 
lias deprived the air of some of its elastic force. Ho fiiuls 
by experiment that t^xactly the same thing takes place in : 
breathing. When a small animal is made to breathe in a 
closed vessel standing over water the water rises. When a 
mouse is put inside a cupping-glass, placed over a piece of wet 
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bladder .stretched out loosely, over the wide mouth of a bottle 
for instance, the bladder bulges up into the*' cupping-glass, 
‘M have found,” say.s he, “by experimenting with various 
“animals that air (of a closecl vessel in which the animal is 
“allowed to remain until it dies for want of air) is by the 
“breathing of animals i*educed in volume by about -J^th.” 

By such experiments as these “it is manifest,” says he, 
“ that air is deprived of its elastic force by the breathing of 
“animals just in the same way that it is by the burning of a 
“flame. We may infer that animals and firci deprive the air of 
“])articlcs of the saim? kind.” 

Mayow as 1 have said, and indeed as we have seen, was 
essentially a chemist, but he was also well versed in the new 
physical learning of the. time. It was only natural that he 
should be fascinated with the elastic force which he believed to 
be p()S.s(‘S.S(‘(l to a peculiar degree by his ign(H>-aereal particles. 
IJe atti‘il)ut(‘d an exaggerated importance to i.his elastic forc(). 
He enters into a long discpiisition about it, and offers by means 
of it an (^xplanaticm of the explo.sivt* force of gunpowder. As 
we have already luntcxl and as we shall later on clearly see the 
chemical meaning <>f Mayow’s discoveries was soon forgotten. 
His chemi(\‘il e.x])o.sition was premature. But his physical 
exposition fell on congemial soil. His igrieo-aereal particles 
continued to be spoken of after liirn, not with the chemical 
properties which he attributed to them, but with the physical 
properties only, simply as the elastic particU^s of air. 

Mavow however was not merely a chemist or a physicist, he 
was above? all things a phvsiolt>gist. In his third tract, 'On 
Kespiration,' he givi?s in the first |)lace an exposition of the 
mecluinics of breath iiig, an exposition cl(?aroi‘ and better, more 
(>xact and more' true than that of Borelli, frt^o from Borelli’s 
pedantic formalities, an exposition which might almost find its 
])lace in a text-book of the present day. 

He explains that air enters the lungs during breathing 
' simply and solely because the pressure *uf the atmosphere or 
the elastic forci? of the atmosphere drives air in to till up the 
increased space afforded by the enlarged and dilated thorax. 
And he points out how the structure of the lung, as made 
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clear by Malpighi (seven years before ho was writing), is admir- 
ably fitted by Its vesicles and tubes for such a purpose. He 
illustrates his meaning by th(^ well-known experiment of a 
collapsed bladder expanding in a closed vessel as the air is 
exhausttid ; and makes a quaint model of the cliest and lungs 
by means of a bladder inserted in the cavit}^ of a pair of 
bellows so that the mouth of the bladder is continuous with 
the nozzle of the bellows. When thij bellows artj expanded air 
rushes into the liladdei* and fills it, when the bellows are 
brought iJowri thii air is driven out again from tlic bladder. 

Asking the (piestion how the chest is enlarged during 
inspiration, he answers by the raising of the ribs an<l the 
descent of the diaphragm ; the ribs are raised by the intercostal 
mus(des, both external find internal ; hen^ he tu-ikes a side in a 
controversy which nearly a century lattu' became acute between 
Haller and Hamberger, and has from time to time risen up 
again <jver since. The diaphragm (li‘scc‘n(ls by virtue of its 
own eontrac-l ion. Kx]>irati<)n he argu(*s is in ordinary breathing 
the mere passive result of relaxation, the ribs fallings back into 
their pla(Hi and the consults of the abdomen pushitig up the 
diaphragm. And he enters into several minor details, .such for 
instance as the natun^ of tlu^ articmlation of the ribs to the 
spine, by which their movements are facilitated. The whole 
account, as I have just said, might almost have been written 
at the jireseiit day. 

He then proce(‘ds to the larger (pK'stion, What is the use of 
breathing!!^ What elTect is produced by breathing^ 

He ri<licuh',s the old and as yet still common view that 
breathing serves for cooling the ln‘art. The blood and its 
fermentations ]u> says seem to iuhkI heat rather than taihl. 
AikI violent exercise, even orui so bricif that tlui blood has 
not time to get overheated, is followed by a much more 
inten.se respiration than is the highest feveu*. 

He ivjocrs the opinion which he affirms t(» be even more 
common that breathirTg is to facilitate the passage of the blood * 
from the right to tlui left sidt^ of the heart. It is absurd, he 
\ says, to suppose that such an elaborate mechanism is needed h)r 
a mere transit. And indeed that the movements of breathing are 
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not necessary for the transit is shewn by the simple experience 
that “ when you hold your breath as long as yoircan the Huger 
“on the pulse will tell you that blood is still rapidly passing 
into the artei ies,” and therefore must have made the transit 
through the (|uiesc(‘nt lungs. 

Still another opinion that the blood is agitated, comminuted 
and broken as it were into very minute |)artich*s, is also according 
to him wi’ong, for any air would product', this mere mechanical 
effect, and air vitiated hy some contagion or air whicli had 
been bicathed over and ove]* again would be equally good for 
respiration. 

And indeed if the need of breathing only arose as some 
havt^ thought, in order that the mass of the blood shf)nld be 
^M-horoughly shaken by thi? movements of tlu' lungs and bi’oken 
•'up as it were iiitt) extremely minute parts, there would be no 
^'reason why an animal slmultl so quickly expire when shut up 
"in a flask in the inanntM’ statiMl. For the air in the Hask 
"even after the death of the animal is (piite as well fitted as 
" before for the inflation of tlie lungs and so for the comminu- 
'•'tion of the blood. For since that air is still subject to tliC 
" pn^ssure of almost tlu' whole atmosphere, there is nothing 
" to prev(uil its being driven into tlie dilated thorax of the 
"animal, it l)eing this, as 1 have elsewhere said, on which the 
"inflation of the lungs diqjcnds,'' 

No, he says, it is evident that something belonging to 
the air, what(*ver it l)e, something necosary for siKStaiuirig 
life |)as,ses from th('. air into the blood. Hence air winch has 
been already brcaithed ami which has in conso(pieiice been 
exhaustc;d of those vital ])articlos, is no longer fit for being 
bri'athed again. 

" On the one hand it clearly appears that animals exhaust 
" the air (d' certain vital particles which are of an elastic nature. 
"On tiu' othei- hand there cannot be the sliglitest doubt but 
" that some constituent of the air absolutely necessary to life 
" enters into the blood in the act of breathing. 

" We have no right to deny the entj*ance of air into the 
"blood because on account of the bluiitness of our senses we 
" cannot actually see the vessels by which it makes its entrance. 
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“ For other ducts, which serve to carry denser Ik^uids, are not 
“ visible to the* eyes until their several hair-like passages, after 
“ running a certain distance, join together to form a notable 
“canal. What eye has ever been sharp enough to see the first 
“ beginnings of the lymphatic, or of the lacteal vess(jls, or oven 
*‘of the veins?” He does not seem to have read Mal|)igliis 
second tract, and Leeuenhoek had not yet made his more 
convincing observations. “ How mucli less are wo likely to sec 
“ these aereal ducts, which must be very shoi-t and (3xce(‘dingly 
“delicate. For these passages ajo not like the othcirs, passages 
“ becoming join(?d toget her after running se[)arately for some 
“distance; they oidy laive to travei-se the membranes of the 
“ lungs, each following a. very short and obscure path. For in 
“order that the aereal particles should mix with tlie mass of 
“ hloofl in a state of fine division ai»d in a niost intimate 
“ manner, it is necessary that they should enter the blood 
“ bhrough channels or rather orifices almost infinite in number, 
“distributed here and thoi-e over the whf>le mass of the lungs. 
“ And indeed in lungs which have been j)repared and dissected, 
“holes, almost without number, likii most minute ))oinbs may 
“be seen with th(^ aid of tlie microscope*. Whether however 
“those |)oints are tlie mouths of capillary air tubes oj* of vessels 
“ o])oning into tlie blood cannot be determined fbi* ('erlairi. 

“ Let us iiKpure in the next ])lace what is that con- 
“stitiumt of the air which thus passes into tlu^ bloorl, which 
“is so necessary foi- sustaining life that wc‘ cannot live for even 
“a moment of time without it. And indeed it is very probable 
“that certain particles of a nitro-salim^ na.tui*e, and those very 
“subtle, nimble, and of very gn^at fermentative powe*r, ar<j s(‘(>a-' 
“rated fnun the air by the aid of the lungs and introduced into 
“the mass of tlie blood. And so necessary for life of every 
“kind is that aereal salt (coiistituent) that not eviai plants can 
“grow in earth the access of air to which is shut off. But if 
“ that same earth be exposed to air anrl so forthwith impreg- 
“ nated with th.it fceuiidating salt, it at once becomes fit again 
“for growing. It is clear that even the very plants seem to 
“have some need of breathing, some need of drawing air into 
“ themselves. 
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“ What part howover this aereal sjilt plays in animal life it 
is not easy to understand. It is at all eveiitj^ probable that 
‘'the nitro-aiaeal spirit, mixed with salino-siilphnreous particles 
“of the blood, excites in it a needed fermentation. We must 
“not howev(M* vSiippose that the effei-vescenc(‘ of the blood takes 
“ place in the heart alone ; it takes place also in the pulmonary 
“ vessels before the bh>od reaches the heart, and afterwards in 
“ the arteries, no less than in the heart itself.’' 

The word 'effervescence' shews that he had read Sylvius. 
Possibly, or perhaps we may rather say probably his acute mind 
had, pondering much over fermentations, begun to grasp some 
new ideas about these mystorious processes, and had he lived 
we might have learnt from him things which did not come until 
much later. 

To\iching thus upon fermentation, h(‘ turns aside to note 
that he is not forgetful of that ' fermentuin ’ of a mysterious 
character supposed to (‘xist in the hdl ventricle, the ferment of 
van IJelmoiits fifth digestion; but ho scornfully rejects the 
idea. Tlien he passes f)n to have a tilt with Descartes, who, 
great philosopluir, but amateur physiologist, as htj was, had not 
as wtj have seen grasped the force of Harvey’s arguments, u-nd 
contended against Harvey that the be.it of the hi'art was an 
expansion due to the rarefaction of the ventricular contents. 
Mayow had no difficulty in following ILu-vey and Lower 
in the proof that the blood was drivt.ui out of the lu'art b}^ 
the; (joutraction of the muscular walls. The lieart, ho says, 
is nothing but a muscle, very litthj dilfereut in its action 
fnnii other muscles. And h(i clenches his argument against 
Descartes with two remarkable ex])erin:ien ts. “If in the 
“heart of an anim.al just dead, filled not witli blood, but 
“ with wat(‘r or some simple licpiid, you excite a movement 
“like that which takes place in systole, the contents of the 
“ voTitricle are forthwith ejected, not indeed by reason of a 
‘ fenmuiiative explosion, for such in this case certainly ciinnot 
'“take place, but simply because the ventricles are contracted.” 
l*>esides it is very certain that the movement of the heart can 
not be due to the rarefaction of the bhxxl ; for sometimes the 
heart, cut clean out of the body, may bo seen to beat, although 
all the blood has already been driven out of the ventricles. 
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He thou goes on to ask the question why death follows 
suppression of •breathing. 

“Life, unless I mistake, consists in the distribution of 
‘'animal spirits, for the supply of which the beating c»f the 
“ heart and the flowof bl<^od to the brain are absolutely necessar\\ 
“ And breathing seems especially to assist the beat of the heart, 
"in a manner olsewhoro described. Now it is veiy probable 
" that this aereal salt is wholly necessary for all muscular mov(‘- 
" merit, so that without it the beat of tlu‘ heart cannot take 
“place. Foi- we have n^ason to think that the sudden con- 
" tr’action of a niuscio is due to partich'S of two different kinds 
" mixing with each other, and mutually acting iqioii each other. 
" Now we cannot suppose that both kinds ot particles, tln‘ 
" ofiTerveseence of which gives rise to the contraction of mnscles, 
"can c(>nu> fr*om the mass of tla* blood, lor licjuids which are 
"derived from the same source unite again without any 
" effbrvesc(aice. So that it vSecans that sonalhing extraneous 
"is !‘e(|uisite f<jr bringing about the ebullition which leads to 
" muscular movement, 

" We may ther(?f<ax^ suppose that the iiiti'o-saliiKJ particles 
"derived from the insjjiied air supply the one class of motive 
‘‘particles which, meeting with the otlira', salino-sulphui-(;ous 
‘ jiartieles furnished In the; mass of the blood, l)ut dwelling in 
“the motor structures, excite that effervesetncc' which gives 
"rise to the muscular couti‘acti(m, as wo ]iav(.* fully shown else- 
" where. 

“ The movement of the heai t is cai ricd out in the same way 
“ as in oth(;r museles. 

“ Hence, when bieathing is stopp(‘d, since that atjreal salt, 
“needful for all movement, is lacking, the lieat of the heart and 
“ therefore the flow of blood to the brain, are interrupted, and 
“death uoci*ssarily follows.'* 

This view of the use of the nitro-aoreal particles naturally 
leads to the corollary that "breathing is increased during violent 
" exercise, not in order that a gi*eater flow of blood may take* 
"place freely through the lungs, but in order to provide for 
"the greater expenditure of tluj nitro-aereal salts in the many 
" effervescences taking place in the contractions of the muscles.” 
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His nitro-aereal hypothesis also enabled him to lay hold of a 
sound theory of animal heat. 

The union of the nitro-aeroal parf icles (taken in by breathing) 
with the sail no-sulphureous particles of the blood gives rise to 
the heat of the blood. The greater heat which accompanies 
violent exorcise is due to the greater supply of nitro-aereal 
particles caused by the incr(.‘ased respiration. This brings 
about an increased eft'ervescencci, and so an increase of heat 
in tlie blood itself, but at the same time the heat is also in- 
creas(}<l by the greater effervescence in the muscles themselves. 

It will thus be seen that Mayow' had laid firmly hold of one 
factor of respiiation, the entrance ot something from the air of 
the pulmonary vesicles into the blood. He had not gnxsped the 
other factor uow^ known to us, th<i exit of something from the 
blood into the pulmonary vesicles. Ho was only on tlui track 
of this. He says, “about expiration is t(» be uol,ed that this 
“serves a further purpose, namedy, that together with tlie air 
“driven out of t.h(' lungs, the vapour of the blood agitated l)y 
“the ferinentation is blown away also.” And he vievolopes a 
theory, foreshadowing modern views, that it is a leature of the 
fermefitativii action of the nitro-aer(‘al partich^s that the blood, 
when it comes back to.tlu^ lungs as venous blood, having been 
deprived in the tissues of its nitro-aereal particles, is greedy of 
fresli particles of that kind, ami so assists in drawing them into 
the blood out of tin? air of the lungs. So tlie fernuaitation of 
the blood is kejjt up by an automatic, self-iegulatiug }>roc(?ss. 

1 have ventured to dwell at such length on tlu* writings of 
John Mayow because* they afford a striking example of how 
the seed of truth fails to spring u]) into a plant unless it 
fall on congenial ground. I>y iris iiitro-aen'al, or igneo-aeiaail 
paiticles, Mayow evidently m(*anl. what we now call oxygen. 
Ho saw that this forrjiecl only a part of the atmosphere, that 
it was es.<ential for burning, that it was essential for all the 
chemical changes on whicli life depends, that it was absorbed 
into the blood from the lungs, carried ‘by the blood to the 
tissues, and ir» th(j tissues was the ])ivot, the essential factor of 
the chemical changes by wdiich tht? vital activities of this or 
that tissue are manifested. It was essential in muscle to the 



199 


vn] of the Seventeenth Century. 

occuireiice of muscular contractious, it was essential in the 
brain to the development of animal spirits. 

This great truth was reached at a time when the men of 
chemistry were struggling with the spiritualistic feruKmtations 
of van Holmont on the one hfind, and with the material 
effervescences of Sylvius on the othei*. It was reached by a 
young man of twenty-five years, who died a few" years afterwards. 

When we look at the portrait affixed to his book we see a 
face delicate in outline, yet with a firm nanith, the visage of a 
man who hail spent his as yet short days in the (juiet but 
earnest and unresting pursuit of truth amid t-he calm of 
academic retirement. His primiatme dcNath bids us think that 
not long after he liad made knowm the results of the labour of 
his early years, tlie beginnings of dis(>ase had already made his 
s[)irits dioo]) and his IimikI hang heavy by his side. Otlieiwiso 
he must have had something to say during Lh(.‘ ten years which 
ran between t^lie pulilicatitm of his book and his d(‘ath. Yet he 
was silent. Had his body been as strong as his mind was acute, 
had he lived to that lipe old age wdiich was njached by many 
another leader in seienc(.‘, how differciut had been tli(‘ story of 
chemical physiology. 

Ibit it was not to bo. This bright school of Englisli physio- 
logists of the mi<l-sev(‘nteenth ccMitiiry, Boyh\ Hook(^, Lower, 
and Mayow, w^irthy children of tin* gieat Hai viiy, passed away, 
and for a long time none took their place. Though the physical 
and I'xperimental work of tin* three* foinn*!* r(‘ina,ined effective 
on men’s minds, tln^ chemical work of' Mayow soon passed out 
of ken ; a few i>assiiig ndtu-cnces, and those for the most part 
feathered with scorn, to the sup|M>sc*d pai t played by nitrous 
particles in breathing, supply all that, can be found iii succet^ding 
writers. The world had to wait for inoie than a hundred years 
till Mayow"’s thought arose again as it weve from the <;ra.ve in a 
new dress, and with a new name ; and that which in the first 
years of the laitei* half of the .seventeenth c(*nlury as igneo- 
aoroal particles shontrout in a flash and t hen died away again 
into darkness, in the last years of the eighteenth century, as 
oxygon, lit a light which has burned, and which has lighted the 
world with increasing steadiness up to the present day. 



LKarijiiE viiL 

THE PKYkSIOIXXIY OE DIGESTION IN THE 
EIG HT EENTIl O ENTUK Y. 

Tmk st/Oi y, even in outline, of the ]>rotrr(*ss of Physiology in 
the s(^v<jnteenth century has in tin? pre<?e<ling lectures been 
told in part only. Mens niiiuls iu that (‘(‘utury wiu*e busy with 
problems of the animal body besich's these of digtjstion and 
breathing; and 1 have yet to speak of other labour’s carried 
out by nron on whom 1 have already dwelt, as well as of lal)oius 
oarriisl out bv men of wliom as vet I have snid little or* notbinir. 
The. division, however, of the labour of iinjuiiy which the 
progi’ess of sci<*?iee bi-ouglit about as the yc*ars I'an ou rcmders it 
desirable that I sliould complete tin* stories of th(‘ pi'ogross of 
our knowledge of digestion and nispir*ation, so far* as I propose 
to carry them, btdbro 1 spisik of tire advances made irr other- 
branches of [rhysiolog}. 1 theridbri? pr-opose to devote the 
present lecture? to an account of tlie mor<; str iking research(\s iir 
digestion whkdi were carried out in tiie eighteenth century. 

Ill a pi’(?C(;<ling lectui*t‘ T spoke of two men as exerting*, 
through their large? cliemi<*a] knowhulge, an important inHuence 
on the ideas coneei*ning the che?mical probUiins of physiology at 
the latter emd of the vsevonte*enth anel in tlie early ye?ar,s of the 
oighten'uith ceintury. On one of these, Goor-ge Ernest Stahl, I 
have already dwelt. 

The? other man was Heirmann Boerhaave, who was born on 
the ;Ust December, four yciars befoi*e Sylvius's death, at 

VYiorhout, near Le^yden. The* .son of a minister he was brought 
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up to follow his father's career, and his early years at the 
University of •Leyden were largely given up to classical and 
oriental studios, though he at the same time eagerly took up 
mathematical physical learning in spit*.^ of this not being at 
that period in much favour at the University. In 101)0 hti 
became Doctor of Philosophy, choosing for the subject of his 
thesis ‘‘The distinction between body and mind.'' An illness, 
an obstinate ulcHir of tlie thigh from which he. suffered as a lad, 
seems to have tiirncMl his attention to medicine; and after his 
graduation while preparing himself by theological studies for 
his ordination and supporting himscdf (for his father di<‘d early) 
by teaching mathematics ami by occasional literary work, he 
found time to study medieiue and the aneillaiy seiences of 
chemistry and botany. Tbongb be sesuns in these matters 
to have foi* the most part taught himself, atlemling but fi*w 
leetiu*(*s, he made such progress that in l()l).Sh(‘ ubtairied the 
degree of Doctor of M(‘dicin(‘, not how(‘ver at Leyden but at 
the University of llarderwick. H(‘ intendeel at Hrst to use 
this degree merely as an adjunct to his |)ro]jer cai-(3er as a 
cleigyman ; l)iit having been led by his zeal for mathematics 
In jefnte, in a public cfiiiveyaiice, someone who was ignora.ntiy 
declaiming against th(‘ doctrines of S[>inn/a, he acijuired the 
reputation of being an adherent <»f tliat h<‘l<‘rodox philosopher; 
and eithei* because he feared that this taint of heresy might 
lead to (lifficailties about his ordination, nv l)eeause the lovi3 of 
medical s(.-i(aice was )»ec<»ming stronger in him t.han the love 
of theology, he gave up the idea <jf the ministry and definitely 
thi’cw himself into the ])ractice of rm.Mlicin(\ 'Lhiis, in the 
tangle of human eveaits, Spinoza, by a roundabout way, gave 
Jloerhaave, and through Boerhaavo gavi* Haller to medicine 
and to science. 

His talents soon impressed the authorities i)f Leyden, and in 
1701 he was placed in the chair of J\lediciiu3 left vacant by the 
death of Drclincourt in 1007. Hi? was at first not made full pro- 
fessor, only lecturer. *rhe power, however, which he shewed as lu 
teacher rapidly made itself felt ; students flocked to his lectures ; 
and the authorities of the University, lest he should be tempted 
by offers from elsewhere, increased his emoluments, and gave 
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scope to his unwearied energy and wide knowledge by placing 
him in more chairs than one. In 1701) he was ^inade Ordinary 
Professor of* Medicine and of Botany; in 1715 he became also 
Professor of Prac^tical Medicine, and in 1716 Professor of 
Chemistiy as w(dl. Much sought after as a physician, acute at 
the bedside, brilliant as an expositor in the professorial chair, 
ho was also a great teac^her in the sense that in liis daily 
interconrsi? with his pupils he was always ready to lay his 
mind open before tlK;m, and to let them share in his experience 
and in liis thoughts. At Ltyden ho laboured all his life. He 
was more than once Rector of the University; ami altliough in 
1729 he resigned the cliaiis of Botany and Chemistiy and 
allowed himself a leisure which he devoted chiefly to gardening 
in a country seat which he had bought, he still continued to 
teach medicine in spites of the diseases which were creeping 
upon him in his (»1(1 age ; ami at l^eyden he di(*d in harness, 
full of honour and esteiun, on the 2.‘lrd Hepk^rnber, 17*18. 

Boerhaave was in almost all respects a different man from 
Staid. A learned scholar, and a .sound scientific thinker, he 
was too all I’onnd a man to be led away by any one idea 
however tempting; OKSsentially eclectic in nature, he gathered 
truth from twery source. Though living all his life in the Uni- 
versity in which Sylvius had laboureti so long and so strenuously, 
though ijimself verscid above his fellows in chemical knowledge, 
his work on the suhjoct being for vitars 1,he gn^at text-book of 
the subject, he did not exalt chemistiy abovi.* anatomy oi- above 
physics. Though drawn to mathema-tics long befon* he thought 
of medicine, though an ardent student of Boii^lli s works and 
a pupil of the (mthusiastie intro-physicist Pitcaij*n, who iu 1692 
had biien brought li om Edinburgh to occupy for a brief period 
the chair of Mediciia* at Le^^rlen, he did n(»t think that all the 
problems of the human body wei-e such as could be solved by 
the nier<‘ use of forrnuhe and the calculus. I'huugh the 
intimate friend of the great anatomist Ruyseh, he was not 
ijready to admit with him that anatomic^^J disposition supplied 
the answer to every physiological question. He made use of 
anatomy, of physics and of chemistry, but he never allowed one 
to exclude the other ; he was ready to apply each one of these 
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sciences to the elucidation of physiological phenomena ; and 
the width and^jagacity of his teaching are n'dected in the work 
of his great pupil who followed after him, Albrecht von Hallei*, 
of whom I have soon to speak. 

Bocuhaave cannot be sahl to have made by his own researches 
any striking contribution to our knowledge of digestion. The 
part which he played was rather that of the sagacious eclectic 

teacher who has made himself avcU acoiiainted witli all that 

# * 

others have done, and who criticising, with wide knowh^lge, 
their various views, and pointing out where thi‘y are ol)V ionsly 
wrong, gathers togethcir what might s(‘cm to a sober mind the 
outcome of their various results. 

Thus Boerhaavo was not an extreme advocate either of the 
mechani(5al school or of the (thomical huinental.ive school, but 
he admitted witliin limits the doctrines of (^acii. 

In his works, as for instance in his fnstituUmie.H il/cf/iCfc 
(the first edition of which app(*ariMl in 1708), which remained 
for many years the common text-book of tin* sclu)ols, and the 
first part of which was a treatis(i <>n physiology, h(‘ recognizes 
that digestion is in part a solution of some of the (‘oust itinMils of 
the food by means of various juices. »SMliva, the juice from the 
ceso])hagus, the gastiic fluid, which consists in |)art of a viscous 
secretion pointed out by the glands of the stomach, and in part 
of a tliin flui<l secreted by the* art<*rie*s, the bih*, the })aiicn*atic. 
juice, and the intestinal juiec, (‘ach of tl)t*se contributes to th(i 
result. Blit he reganls the solution eirecteil by im*ans of thosi* 
juices as of the nature of ordinary solution, not of a nature of 
fermentation. It is worth noticing that he denies the acidity 
of the gastric juice, and speaks of vari Il(*lmont’s hen\sy 
on this point. Owing to the labours of Sylvius, Stahl, and 
others, men’s ideas concerning aciility and alkalinity weie 
becoming much more definite than they had been ; coloun*d 
vegetable juices were corning into use as tests of ono or tlie 
other; arid Boerh.aave, while denying tlie acidity of gasti'ic 
juice, expresses his Vomhjr that Sylvius, knowing as he did 
what an acid was, could ever have tliought that pancreatic 
juice was acid. It may be added that Boerliaave ]*(*gardiiig, in 
common with his conternjiorarie.s, the supply of nerves to the 
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stomach ns out of all proportion to the movements or sensations 
of that organ, l>Gliovcd that a nervous fluid having some share 
in the digestion of food was poured into the cavity of the 
stomach from the endings of the nerves. 

This solution by moans of juices was, however, in Boerhaave’s 
opinion only a part of the digestive process. He joined with 
the mechanical school in believing that the more fluid and- 
nutritious parts of various articles of food wore expressed from 
them by trituration in the stomach. He ex])ressly taught tnat 
tlio more solid aial r<\sisting frainowork of both animal and 
vegetal)le food was not digest(‘d at all ; that digestion to a large 
extent c<JMsist«^d in this, that by the solvent action of the juices 
or l)y mee.hanieal prt‘ssure tlu^ softer or more tluitl materin .1 held 
l)y the framework was (‘ithiu’ dissolved or pressed out of it. 
In jKirticular he thought that bones were not digested, only 
crush<.‘(l, and pointed to tlu? white' exei-ement, the album graecum, 
o f d < )gs f( M I o 11 1)011 ( • , as a ] )r< u > f < )f t h i s. 

Boerliaave's p(»sitive naxle of thinking put him more or loss 
in antagonism to tlie doctrines of iVa-nuaitation, to which, as we 
have seen, the <;heniical school were so attached. Ho seems, 
moreoV(?r, to have distingni.shed betwiaai tln^ chcmiieal effer- 
ves(H‘nce of Sylvius and t.ruo fermentation, sueh as that of wine. 
Ho regarded the action of the juices as a mere solution, not as 
a propta* feruKaitation. Nevertheless he hold thnt solution and 
trituration are, in digi'stion, aidi'd by something (dso. He 
thought that in tlu' stomach, which is a closed chambm-, but 
witli air pi'e'sent in it, tlu; contents, exjiosed as they are to a 
considerable heat, do undergo ‘ an incipient fermentation, by 
“ irnains of whicb the chyle is impressed witli t he primary 
“principle of vitality.” 

Such were the doctrines taught by Boerhaave in the early 
years of the eighteenth century. They were very largely 
accepted, and indeed became the dominant views. We find 
almost the same teaching nearly fifty years afterwards when we 
*come to Haller, of whom we must now spffak. 

The year iToT may be n^gardod in a (lertain sense as a red 
letter year in the history of physiology, as marking an epoch, as 
indicating the dividing line between modern physiology and all 
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that went before. It wa.s the year in whi('h the first volume of 
the Elementa of Haller was published, tlie eighth 

and last volume leaving tlu^ j)ress in I7fi5. 

Albrecht von Haller, descendant of an old Swiss family, was 
born at Bern on 1 8th October, 1708. Brocociotis as a child he 
while yet young acquired a large knowledge both of literature 
and science, the foriuej* at first being dominant in him and 
lemling him to the composition of many juvenilo poems. Losing 
his father while yet a lad of thirteen In^ continued his education 
for some time at Bern, but in 17:28 entered the University of 
Tubingen. In l72o, however, attracted by tlie leiiown of 
Boerhaave he moved to Lt‘ydon ; and ther(? undoubtedly h<^ 
laid the foundation of all his future wink. At that time 
Boerliaave was in the fulness of Ids power, the ripeness of his 
exp(‘rieiice adding more than might seem to be lust through 
the declining energy of advancing years; and lu^ lia<l now by 
his side the younger Albinns, Knulerick Bmnard Albinus, an 
accomplished and sagacuous anatomist, who later on, in 1745, 
became Professor of Anatomy. LJiider thcjse iidlueiu^C's the 
young Haller iKJt otdy made ra|)id progress, but also Inid his 
versatile mind fixed in its proper direcl.ion. Taking in 1727 
his degree as Doctor of Mc'clicine at lieyj|(m, upon a. thesis in 
which he exposed the (u ror <d* < ’oschwitz, professor at Halle, 
who had maintained that ht? had discovenul a msw duct of the 
subniaxillary and sublingual glands, Tlallei* s])ent some time in 
foreign trav(j|. Hc‘ visited l><‘lgiurn, Kugland, wluu'e lu^ became 
the friend of Sir Hans Sloane, and Fiance, and in 1728 took 
up for a wlii]<‘ his abode at Basel, stu< lying uiahu- the celebrate<l 
mathematican Jidiu J3eriiouilli, and beginning to devote his 
attenliou to systematic botany, at whicli he (‘.ontinued at 
intei’vals to labour all his life. 

In 1780 he returned to his native city; and lnu*e for a while 
ho taught anatomy and practised nuHlicine, prosecuting all the 
while anatomical and physiological researches and sptmding his 
leisure hours partly iif botanical explorations, partly in composingb 
poems. 

In 173G, the fame of him as a rising man had grown so 
great and spread so far that George II. of England, j.is Electoi- 
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of Hanovor, possibly instigated by Hans Sloane, created for 
him and offered to him a chair of anatomy, botany and medicine, 
in the University of Gottingen. Haller accepted the offer, and 
here, at Gottingen, for seventeen years he laboured, making 
physiology the chief duty of the chair. Here he canied out 
tlic most important of his imjuiries and gathered together the 
material for most of his litca'ary Avork. 

He received sov(‘ral tem{)ting offers to accept office in other 
Universities, in Oxford, Berlin and else\vheri\ These he refused; 
but in 175:f feeling that the increase of 3 ears, aided 1 >a’ the 
climate of Gottingen, was tedling upon his health, and he Inid 
m^ver been robust, he withdrew to his native cit}' Bern, there to 
spend the rest of his days in leisureh^^ retirement. 

Her(‘ or in some neighbouring part of Switzerland he lived 
for nearl}^ a cpiartor of a century, lefusing to be tempted back 
to Giittiiigou or to go els(‘\vhere, taking liis part in municipal 
and other duties, completing his Etchientu and his other works 
of com|>ilation or (exposition, giving linisliing touch(\s to exjx'i’i- 
mental in(|uiries, and, by wav of relaxation, continuing his 
botanical studies and composing f)oems and literary essays. 
Disease however got incr(^asing ludd of him, severe pain led 
him to tinj constant use of opium, and his medical friend haviiig 
in I77fi for(*t«l(l that his death wouUi takc^ pJa(*e in tlio following 
year, he made good the ])rophecy by (]ui(‘lly passing aAva}^ on 
Dec. 12 , 1777. He died, true to the (‘rrand of his life, with his 
finger on his pulse, his last words to the friend at liis bi.'dsido 
being “The artmy no longer beats.” 

I do not propose now to speak of Halim* s many' and varied 
original iiupiiries, or of the gains which came to physiolog 3 " 
tlnesrcby. He put his hand to the solution of maii}^ rpiestions 
spre;jd over nearl\" the whole of pli 3 \siology ; and in the ]>7’eface 
to the sixth volume of the Klemetda he gives a list of what 
he claims as some of liis own discoveries. Of the highest 
importance were his researches on the mechanics of respi- 
ration, oil the formation (.>f bone, and oif’ the development of 
the embryo; the latter indtMKl stands out as the most con- 
spicuous piece of Avork on this subject betAveen Malpighi 
and von Bat?r, though marred by the theoretical specula- 
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tioas tittachod to it. Of what is perhaps his grt‘at(‘st work, 
the esfcablishin«at of the doctrine of niusciilar irritability, I 
shall have occasion to speak in detail in a snccoediiig lecture. 
For the present J wish to speak of him as an expositor only. 
When Wi^ turn Iroin any of the preceding writers on physiology, 
from any one of those whom I have mentioned in thei foi'egoing 
lectures, and open the pages of Hallei s Klemeuta, we feel that 
we have passc^d into modern times. Save for the strangeness 
of much of the nomeiu'lature, and for no small detlei(»n(•-i(^s in 
all that relates to the clKunical changes of the body, we se(‘m 
to be reading a modern text-book, a modcaii tijxt-book of the 
most laborious and exhaustivt' kind. Halim* j)asst^s in i'(‘view all 
the ])henomena of the body. In dealing with each division of 
physiology he carefully des(*ribes the anatomical basis, imdnding 
the data of minute structure, physical properties, and chemical 
composition so tai* as tln\se wore them known. He tium slates 
the obsoTvalions which liave been made, and in r(‘sp(*ct- to each 
(piestion as i(. aris<‘s explains the sev(‘i*al views whicdi hav(! beoii 
put forward, giving minule and full references to all the authors 
quoted. And he tinally dclivtu-s a ivasoned ci*itical judgment, 
expounding the conclusion which may be arrived at, but not 
omitting to state ]>lainly wlien necessary tin* limiialions which 
the lack of adequate evidt*]!!^^ plac<‘S on f*ormi«g a decidtd 
jtidgment. He carefully leeonnts and as carefully criticises all 
the knowledge which (-an be gl<*arK*d about any ()ii(\stion. If he 
feels unable to (5ome to a, <]ecid(*d conclnsi«>n In* (*.at id idly says so. 
He always strives to be as exact and as chiar as possible; con- 
spicuous is the absence from his writings of loose.* ex|>ressions 
and ill-detined general views such as aboinid in so many of his 
predecessors. We may take any part eif his great work as a 
trustworthy ac^count of the* knowledge of the* time* with re'gard 
to the epiestions thea'uin trealeel. 

The following is a brief sketch of the exposition which he 
gives of digestion. According to him saliva is neither acid nor 
alkaline; and so far* from attributing to it the gre^at virtuo.s. 
claimed for it b}^ Sylvius and Stahl, he soerns to reigard its great 
use as being that of softening the food and hel])ing de^glutition. 
In the stomach he recognizes the importance of the tunica villosa, 
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consisting of glands which, very obvious in birds, are not so 
evident in man ; but ho thinks that these glafids furnish the 
mucus of the stomach only, the true gastric juice, xsuccus 
gastricus, ventriculi succns, being secreted by the arteries. 
The more exact knowledge of nervous action, which, owing 
largely to his own labours, had been gatherer! in since Boer- 
hfiiive’s days, led him to discard the idea that a nervous fluid, 
oozing from the endings of t.he nerves, inte?v«uitis in gastric 
digestion. 

Dwelling on the difliculty of obtaining gastric juice in a 
pure conditiorj, noting that acidity is fdten a token of the 
onset, and alkalinity of the advance of putrefaction, he concludes 
that pure gastric juice is neither acid nor alkaline; and while 
speaking <»f it as a macerating licpmr which softens and dissolves 
the food, he refuses to regard it as a ferment. It is not a 
corrosive liquid, as are many acids, and though it may l)e at 
times acid, the acidity is a token of the degeneration of the 
digested food, not of dige.stion its^df, which “imparts to the 
“food a wholesome animal natun%” ie. givi^s it the beginning of 
vitality; and the characteristic of living animal tissues is, h<j 
urg(‘S, alkalinity rather than acidity. 

Trituration he regards as a useful aid, especially where 
hard grains Hmnn a pai t of food, as in that of l)irds, but only an 
aid. “ l^hey have done W(*1I who have brought back to its 
“proper mediocrity the power of tiituration so immensely 
“ exaggerates 1.” 

His ac<*.ount of bile shews how much advance had taken 
place, throiigh repoat('(l qniid. work, in the preceding y(N‘irs. 
Bile lie insists is not as some have thought a mere i^xcreinent. 
Retained for a while; and slightly altered during its stay in 
but not harmed by the; gall-bladder, secri‘ted on the contrary 
by the subslance of the liver, partly perhaps from the blood 
sup})lie<l by the hepatic artery but mainly from that of the 
vena [)orta, bile is a fluid viscid and bittm* but not acid, and 
'indeed not alkaline, a fluid which as all' know has the power 
of dissolving fat and so acts on a mixture of oil and water 
as to form out of them an emulsion ; it thus dissolves all the 
food into the homogeneous magma which is called chyle. If, 
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ho says, you ligature the ciuodeuuin just above the entrance of 
the bile duct, you will find the food above the ligature in the 
form of grey lumps, below the ligature in the form of a whitish 
homogeneous mass. lie adds the notable remark that bile must 
have some other function than that just described ; for animals 
deprived of their gall-bladder very rapidly perish, the exact 
cause of their death not being clear. 

Turning to the j)ancreas, after remarking that the exagge- 
rated views of Sjdvius and De Graaf had long ago b(3en refuted 
by Brunner, he insists on the importance of the fact that its 
duct opens into the intestine in common with the bile duct. 

“ Ail which things being considered, a part at least of the 
usefulness of pancreatic juice will be to dilute and soften the 
“cystic juice * * * so that this mixes better with the food. 

Whence you may explain the hunger of the animals from 
“ which the pancreas has been removed, attributing it to the 
“reflux of a sharper bile into the stomach.’' And he ends with 
this saying, prophetic of the work of Bernard a hundrfjd years 
later, “ There may be other functions of tlu^ licjuid not as yet 
“well known to us.” Of the inte.stinal juice and of the other 
later ('hanges taking place along the alimentary canal, he says 
nothing to which I ne(3(l call attention ; ho seems to think that 
the chief event taking ])lace in the intestines is tl»e s(3paration 
and absorption of the nutritive constituents, prepared for this 
by th(3 action of the stomach and the bile. 

It will not have escaped attention that the efifoct of the 
Jabotirs of nearly the whole of the seventeenth century and of 
the eighteenth century up to Haller’s time was on the whole 
to depreciate the work of tlie stomach. In van Helmont’s eyes, 
the stomairh was the great digestive organ, and the acidity of 
the gastric juic.o was its strong hand. Succeeding writers like 
Sylvius and Stahl insisted on the greater importance of other 
juices, and almost all of them, even those who attributed con- 
siderable potency to the gastric juice, denied or at least doubted 
its acidity. But the avatar of the gastric juice was beginning • 
even while Haller was writing his great work. 

Rene Antoine Ferchault de Reaumur stands out as one of 
the most striking men of science of the eighteenth century, and 
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indeed, in some respects, of all time. Bom in 1683 at Rochelle 
in France, he was educated for the profession of the law ; 
but possessed of an ample fortune he was under no need 
to follow that or any other bread-winning career. Removing 
to Paris at the beginning of the eighteenth century, he used 
the opportunities which his abundant means afforded him to 
carry out m.any and varied scientific investigations. Of most of 
tiiese I have no oecjasion to spe^ak here. I need not dwell on 
his labours in connection with the manufacture of steel. 1 
need not speak of the thorniometer which bears his name, and 
which he invented in 1731. Nor shall 1 here even discuss his 
great work on In.sects, published during the years 1734 — 1742, 
though this contains much of physiological interest. I must 
content myself with j)ointing out the importatit results em- 
bodied in his ti’oatises on the Digestion of Birds (Sur la 
Digestion dc‘S Oiseau.x) which appeared in the “ Memoirs of 
“ th(i Academy of Science of Paris*’ in 1752. 

The pioblern which ho put before himself in this research 
was : — Are the change's which the food undergoes in the stomach 
to be regarded as the* results of mere trituration, or of a sort of 
putrefaction, or an.* the}- those of solution, effected in some way 
or other by means of the gastric juice scer(U<?d by the stomach ? 
H aving in Itis possession a Kite he took advantages of its well- 
known habit of rejecting from its stomach things swallowed, 
such as feuthers, which it could not digest. He made use 
of small metal tul)e8 open at both ends, save that each end 
was secured witli a grating made of threads or tine wire, lie 
gave the Kite some of these tubes, filled with pieces of meat, 
and h(i found that when they were rejected the meat liad been 
partially dis.soIved, but exhibited no odour or other signs of 
putrelactioji. Small fragments of bone similarly introduce<l 
into the stomach in metal tubes were also found to be dissolved. 
The pieces of bom? were only partially dissolved, but by giving 
the same pieces of bone a second and a third time in the 
.same way he found that at last they were almost completely 
dissolved. But while meat and bone were thus dissolved, 
vegetable grains or flour similarly exposed in tubes to the 
action of the stomach, seem(;d to be little altered. He further 
observed that the tubes wdieri rejected were more or less filled 



2H 


viii] in the Eighteenth Century, 

with a yellowish, somewhat opalescent fluid, which to the taste 
was salt and •bitter. Obviously it was this fluid which dis- 
solved the meat and bone. And he put to himself the question. 
What then is this licpiid which acts on moat and on bone in 
“ some such way as lean regale acts on gold, l>ut has not the 
“ same power over starch (farina) that Venn regale has over 
“silver? To which of the solvents which chemistry offers us 
“ can this liquid be compared ? ” 

To answer this (piestion he tilled his tubes with small pii^ces 
of sponge, from which, when rejected, lu* squeezed out the fluid 
which they had imbibed. In this way he obtained a qimiitity, 
on one occasion Grj grains, of an opalescent fluid, salt to the taste 
rather than sour, a fluid “ which turned bliu’s paptu* red/’ By 
help of this contrivance he was the first to obtain ga,stric juice 
in an approximately pine condition. 

With this fluid he attempted to digt\st in vitro. He exposed 
pieces of meat to the action of it at R. foj‘ 24 hours, using 
similar pieces of meat placed in simph* water as a control. His 
first oxperinnmt was wholly a failures In a second experiment 
while the control putrefied, the meat in the gastric juh^o though 
not very much dissolv(‘d was hardly at all putrefied. Digestion 
therefore was not putrefaction but something acl.ually opposed 
to that pro(;ess. « 

At this stagii unfortunately his Kite died and his experi- 
ments were stopped. 

He continued his investigations, making use of other animals, 
lie gave to a dog some bones, an<l also some of his tubes con- 
taining meat. On killing the dog 24 liours afterwards, In* found 
the bones not crushed but |)artly dissolved and much altered; 
the meat in the tubes also was much dissolved though the 
tubes themselves weie hardly or not at all distorted, and therev 
fore had not been crushed. Some furthcjr exp*'riments in which 
he made sheep swallow tubes filled some with chopped green 
herbs, others with chopped hay, and examiruH] the contcuits of 
the tubes by killing the animal and finding them in the pauncdi# 
14 hours afterwards, or by waiting until they had bt^en voided, 
gave dubious or rather negative results. The contents of the 
tubes were not greatly altered. 
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Roaiimur's investigation left much still to be ascertained ; 
nevertheless he established by direct experiment' that the fluid 
in the stomach, the gastric juice, had a distinct solvent power, 
that it dissolved various constituents of food, and did so not by 
inducing or favouring putrefaction, but by some proccSvS which 
was antagonistic to putrefaction. And he arrived at his results 
by the employment of a wholly new method. 

Though his results attracted attention and are referrtnl to 
by Haller in his l^Jlementa, no one for some time followed his 
line of investigation or adopted his methods. We have to wait 
for more than a (piarter of a century before any fresh real 
addition to our knowledge of digestion took place. And for 
this ])hysi(jlogy went back once more to Italy. 

Ill the year 1729 there was born at Scandiano near Reggio 
in Southern Italy Lazaro Spallanzani, the son of a distinguished 
advocate. He received a very liberal education in hitters, being 
intended by his father for the prolessioii of law, but Vallisnieri, 
then Professor of Padua, persuaded the father to allow the son 
to follow’ in his stndi(\s tlui bent of his mind, which was clearly 
towards natural science and especially natural history. The 
celebrated Laura Ikissi, then holding, though a woman, tha 
chair of mathematics at Bologna was his cousin ; he studied 
under her and her teaching seems to have con firmed his love 
for science. In l7o4 ho became Professor of Logic, Mathematics 
and Greek at Reggio, but in 1700 was transferred to Modena to 
fill the chair of Natural Pfistory. In 1708, the empi*ess Maria 
Theresa, who was develojiing and indeed le-cstablish.ing the 
Univiirsity of Pavia, invited him to become professor there of 
natural history ; and he accepted the offer. He was pressed in 
1785 on the death of Vallisnieri to succeed that great naturalist 
in the chair of Natural History in the University of Pa<lua; but 
he refused, taking advantage however of the invitation to obtain 
leave for a long travel in Turk(*y. By specimens obtained in 
this and in his other jnauy travels he enriched the museum of 
' the University of Pavia, to which he rehiained devoted. He 
died in that city on Feb. 8, 1799. In the course of his educa- 
tion before his appointment at Reggio he had taken orders in 
the Church, and is frequently spoken of as the Abb6 Spallan- 
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zani ; but nearly the whole of his enoTgy was thrown into the 
investigation ‘of problems of natural history. His works on 
Reproduction brought him great fame; his contributhjus to the 
physiology of the circulation were considerable ; he travelled 
much and worked at geological problems; and just befoj*e his 
death he carried out researches on respiration in which he made 
a notable addition to that part of physioh)gy for whicii Lavoisier 
^ had just done so rimch. But here I wish to speak only of his 
contributions to the physiology of digestion, his first memoir on 
which was published in 1777, the year of Hallers death, others 
following in the succeeding years. 

He took up again Reaumur s method, and most of his results 
were gained by it, though he also adopted other metlnjds. 
Finding the knowledge of th(? subject almost in the condition in 
which Reaumur had left it, he was able by his numejotis experi- 
ments, aided by the improvements in chemistry since ReaumuFs 
time, to make a great advaiuie over his French predecessor. 

He experimented with all kinds of animals (and he was it 
may l)e noted not a mere, physiologist but a naturalist, one 
who studied animals (nnd plants) from various points of view), 
fishes, frogs, newts, serpents, birds of various kinds, sheep, oxen, 
horses, cats, dogs, and lastly himself H(i at least ran no 
risk of going astray by making deductions based mi results 
gained with one kind of animal only. 

He employed largely as I have said Reaumurs method. 
He made use of metal tubes, closed by a grating at each end; 
but in order to allow thi? freer entrance of fiuid he also made 
perforations in the walls. Sometimes he used hollow spheres 
made of two lieinisphc'res screwed together, the walls being 
freel}^ perforated. Th(?se tubes or spheres he tilh^d wdth pieees 
of meat, broad or bonii, or grains of wheat and the like. Ho 
recovei*ed them in the case of carnivorous birds through their 
being rejected by the mouth ; in the case of other animals hJT 
opened the stomach aftm* the lapse of a given tinn?. 

He also made aTiimals swallow pieces of meat or the likf.?, 
so attached to threa<is or wires that he could after a while 
withdraw them from the stomach. 

On himself he experimented by swallowing small linen 
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bags containing meat, bread, &c., and examining the contents 
after they had been voided per anurn. Greatly daring he 
swallowed perforated tubes, mjide not of metal but wood ; and 
these he successfully recovered without siifFcring any harm. 

He obtained what he speaks of as g{istiic juice by making 
animals swallow on an empty stomach tubes containing sponges. 
On recovering the tubes he found that the sponges had imbibed 
a considerable quantity of fluid, which lie sipieezod out. From 
himself he obtained gastric juice by making himself vomit on 
an empty stomach before breakfast ; but this mode of experi- 
mentation was ho says so disagreeable that after two trials he 
gave it up. 

The action of the gastric juice so obtained ho tested on 
various ai'tieles of food in vitro, ex])osiiig tubes containing the 
juice and food to warmth either by keeping them in his own 
armpit for two or three days, or by placing them in a stove, 
and always using as a control tlic same food covei’ed with simple 
water. 

% a very largo number of experiments carried on in these 
various ways he confirmed and greatly extended Reaumur's 
results. He found that in all animals food is in the living 
stomach dissolved ‘‘into the pultacoons mass called chyme" by 
the juice to whose action it is there .siibjectc‘d ; and that this 
juice is a solvent of all kimls of food, animal and vegiitablo, 
bone included, though some things or ])arts arti more soluble 
than others. He found that the juice was more active on 
divided parts, such as crushed grains, or brr»ken bones, than on 
whole solid parts, such as whole bones, or whole grains; from 
this he concluded that trituration is merely a preparation 
“for solutien and does not itself constitute tlu3 digestive 
“process.” H(? was led by his niimei*ous o.xperiments to the 
same couclusioii as Keaurnur, that while gastric juice was a 
solvent of all kinds of food, the juice of this or that animal 
was more specially active on the natural food of the animal, 
bhat the juice of the herbivorous animal for instance was more 
active on vegetable food. Recalling Reaumur’s experiment of 
giving green plants or hay to sheep in tubes, he repeated the 
experiment and obtained at first similar negative results, even 
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in the case of tubes which had passed into the fourth stomach. 
But, remembcfing that the sheep always ruminated, and pre- 
pared its food for solution by prolonged mastication, ho repeated 
the experiment with the variation that he carefully masticated 
the food, herbs or hay, before he introduced it into the tubes. 
He then found that the contents of the tubes were largely 
dissolved. He concluded that mastication, with the attendant 
admixture of saliva was like the trituration in the muscular 
stomachs, a preparation for the solvent action of the gastric juice. 

His experiments with gastric jtiice removed from the living 
stomach and made to act on food in vitro hilly confirmed the 
results obtained in the living stomach itself, hood of very 
various kinds thus exposed to the action of gastric juice was 
dissolved and did not putrefy, whereas the same food subjected 
to the action of simple water soon putrefied. Solution in vitro 
was however never so rapid or complete as in the living 
stomach. Thinking that this might be due to the fact that iu 
the experiment out of the body the gastric juice is not renewed 
jxs it is in the living stomach, he endeavoured to imitate the 
natural process by allow'ing his gastric juice to fall rlrop by 
drop on, and to run away drop by dro]) fr^im, j>iece.s of meat and 
bread. He now^ found that ‘‘ solution took place with exc.eeding 
“speed.” observed that in all cases heat favoun^d solution ; 

indeed in warm-blooded anioials a certain high teinpcTature 
seemed to him necessary, though (^old-blo(»ded animals did nob 
need this. 

It was clear from his experiments that gastric juice was a 
powerful solvent of all kinds of food. question now arose, 

What was the nature of this solvent powder? “It remains,” 
says he, ‘'to be inquired w^hethor this function is connectt>d 
“ with a principle of acidity, as some suppose, or of putrefaction 
“according to others.” 

The supposition of putrefaction w^as soon disposed of; so^ 
far from producing or even assisting putrefaction, the gastric 
juice was actually Opposed to putrefaction; meat which ii* 
simple water readily putrefied in the warm, rcmain(3d sweet in 
gastric juice kept equally warm; the gastric juice oven de- 
stroyed the putridity of putrid meat. 
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Putrefaction in Spallanzani’s time, as of old, was regarded 
as one of the modes of fermentation; but by his time the 
general ideas about fermentation had become more clearly 
defined. It was no longer confounded with the effervescence 
due to mere chemical action. “There are,” says Spallanzani, 
“ three kinds of ferinentation : the vinous or sweet, the acetous, 
“and the putrid.” The action of the gastric juice was not a 
putrid fermentation; could it be one of the other two? He 
was inclined to believe that the action could not be considered 
as any kind of fermentation at all, because bubbles of air 
formed a necessary feature of t*very fermentation in a liquid, 
and solution by gastric juice could and generally did take 
place without any l)ubbles of gas being formed. The action 
certainly was not a vim)us ferinoiitation, since neither gas nor 
alcohol was formed. Could it bo of the nature of acetous 
fermentation ? in discussing this Spallanzani enters on the 
question wluither gastric juice is acid. 

It will be remembered that though van Helmont had put 
in the foreground the acid nature of the digestive fermentation 
taking place in the stomach, succeeding writers had denitjd 
this and did so as time went on with increasing assuredness, 
though Spallanzani as we have just seen referred to its being 
still maintained by some. Spallanzani’s results led him to 
agree with the dominant view. It may here be remarked 
that when Spallanzani speaks of gastric juice lu; means some- 
thing which he regards as a mixed fluid. The juice which- he 
squeezed out of the. sponges contained in the tubers recovered 
from the stomach he describ(>s as ‘a transparent yellow fluid 
“ which gave very litth? sediment on standing, whicfli had 
“ a taste intermediate between bitter and salt, which was not 
“ very volatile and which certainly contained no inflammable 
“components.” When on the other hand he opened tlie 
stomach of dogs and examined the liquid which oozed out 
from the surface of the lining mucous membrane, he found 
that this was “ colourless, insipid and vf ry thin,” thus con- 
trasting with that which is generally found in the interior 
of the cavity of the stomach when opened, this being yellow, 
bitter and somewhat gelatinous, like the material imbibed by 
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the sponges in the tube. Hence ho inferred that what he 
called gastric juice was a mixture consisting of the above 
proper secretion of the stomach, thin, colourless and insipid,” 
together with saliva, juice secreted by the glands of the 
oesophagus, bile and possibly pancreatic juice; bile sobined 
to be always pre.sent in his specimens of gastric juice and to 
this he attributed the bitter taste. The activity of this mixed 
^uice was probably due to the constituent supj)li<‘d by the 
stomach itself, for when he introduced into birds, such as 
crows, two pieces of meat fastened on a wire so that the 
lower one reached the stomach but the upper remained in 
the oesophagus, the former was much more readily dissolved 
than the latter ; similarly when he introduced a long rod of 
meat reaching through the (esophagus into the stomach, 
this was much corroded at the end wdiich reached into the 
stomach, but very little above. But he did not follow up 
the investigation into the properties of ])uro gastric juice, 
and contented himself with the results obtained from the 
mixed (jontonts of the stomacih. 

H(j repeatedly tried to obtain evidence of the pn^'scnce 
of acids in this mixed gastric juic^(:j but failed to obtain 
anything which could satisfy him. Though he observ(Ml that 
shells aud corals w(U*e corroded in the stomach of birds, he 
could not find any cl(.^ar indication of acidity in the sUmiach 
other than that which was due to the ttmderujy of food to turn 
sour; and this says ho is an abnormal and not a healthy 
c<mdition. 

“ I repeatedly dropped gastric juice upon salt of tartar per 
del/iquinm^niid into the nitrous and marine acids without over 
‘'perceiving any change of colour, any motion or efTeivi^scencc ; 
“whence I am obliged to infer that the gastric juice is neither 
“acid nor alkaline, but neutral.” Mis own gastric juice, 
obtained as w'^e have seen by vomiting, ho also found to be"' 
neutral ; and he is confirmed in his belief that acidity of the 
gastric juice is something abnormal by the reflection that, 
regurgitation of sour material from the stomacli into the 
mouth only occurs when digestion has gone wrong; and he 
quotes his own experience of acid fluid coming up into his 
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mouth after a too great indulgence in strawberries and white 
wine, which had obviously disagreed with him. ' 

It will be interesting to quote here what is perhaps the 
earliest analysis of gastric juice. Spallanzani asked his colleague 
and friend, Scopoli, Pi-ofessor of Chemistry at Pavia, to examine 
for him the gastric juice which he had obtained from crows 
by his sponges and tubes. This is what the chemist reports. 
''The Huid contains first pure water, secondly a saponaceous 
"and gelatinous animal substance, thirdly sal ammoniac, and 
"fourthly an earthy matter like that which exists in all 
'‘animal tluids. It precipitates silver from nitrous acid and 
“ forms Inna cornea. This phenomenon might induce us to 
"suppose that common salt exists in the gastric juice ; but 
“ the salt coiitaimid in this Huid is not common salt, but 
" sal ammoniac/’ 

Spallanzani thus came to the conclusion that gastric juice 
is not acid, though lie asked himself the question whether 
since it curdled milk it might not contain “an acid in some 
“latent form.” 

Since then gastric juice was not acid, solution of food by 
its means conld not be of the nature of acetous fermentation 
any mor(‘, tlian it was of the nature of vinous or putrid 
fermentation. It was not any of the known forms of ferment- 
ation ; it was not a fermentation at all. 

We thus owe to Spallarizaui, aftoi* Keauinur, the definite 
experimental proof of the solvent power of gastric juice over 
various constituents of food. But he was unable to go beyond 
this, because In? failed to recognize its acid character; he 
could only say tliat the action was not a fermentation in the 
then usual sense of that word; he could not explain how this 
apparently lunitral Huid poss(;.sscd these solvent powers. We 
may wonder how so acute an observer missed the acidity of 
gastric juice. We may pai*tly explain this by the fact that lie 
confined his tests for acidity to the gastric juice which he had 
•.obtained from fasting stomachs, including that obtained from 
himself, and apparently did not test the juice which had 
actually digested the material contained in his tubes. Still 
in some or other of his almost innumerable experiments he 
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must, we might fancy, have come upon evidences of acidity 
so distinct that •he could not overlook it. Possibly even he, 
accurate and unbiassed observer as he certainly was, may have 
been misled by preconceived opinion; when he came upon 
acidity he regiirded it as something abnormal. 

Be it as it may, by Spallanzani’s labours, the fact of 
the solvent power of gastric juice as a power which was sui 
g^nerisy the solution effected by which was not the solution of 
putrefaction, or of any other known form of fermentation such 
as might occur under various circumstances, wli(;ther within 
or outside the stomach, became^ an (established fact, a definite 
addition, never afterwards taken away to our knowledge of 
digestion. 

1 ought to add that in an Inaugural .Dissertation whi(?h 
appoan^d in the same year as Spallanzani s first rmunoir, namely 
in 1777, Stevens of Edinburgh, adopting Rcniumur’s methods, 
had arnv(id at results similar to those of the l<’rerich and 
Italian inquirers. Taking advantage “of a man of wtjak under- 
“ standing who gaiiKxl a miserable livelihood by swallowing 
“stones for the amusement of the common p(‘ople,” Skwons 
nuule liim swallow silver perforated splieres (iontaining pieces 
of food, animal and vegetable, raw and cooked and including 
bone; he found on exaniiiiing the spheres, when after some 
forty-(;ight hours they were voided, that tin? food was for the 
most part dissolved; whole grains however *>f wheat, j)eas, &(;. 
were but little changed, Ht? continued his (‘xperimonts on 
dogs, making them swallow similar spheixis, killing them after 
a variable number of hours and opening their stomachs. He 
repeat(xl the experiments on sheep and oxen, and iound that 
while these digested readily vegetables, hay and herbs, th(ur 
stomachs had little action on animal food. He then obtained 
*pure gastric fluid’ from the stomach of a dog killed after a 
fast of sixteen hours, and found that this fluid at a temperature ** 
of 102 — 104"' Fahr. readily (lissoivcd cooked moat, without any 
putrefaction and withoflt any development of air bubbles. Ho • 
thus came with Spallanzani to the conclusion that digestion “is 
“ not the effect of heat, trituration, putrefiiction or fermentation 
“alone, but of a powerful solvent secreted by the coats of the 
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“stomach which converts the aliment into a fluid resembling 
the blood;' He adds, “ It is probable that every species of 
“animal has its peculiar gastric li(juor capable of dissolving 
“ certain substances only.” The conclusions are almost identical 
with those of Spallanzani, but did not attract so much attention 
as did those of the Italian ])hilosopher. 

About the time that Spallanzani was conducting his re- 
searches on digestion, the great English Surgeon John Hunter 
was also turning his attention to the same subject. In 1772 
he published in the Philofioplncal Transactions a paper 
“ On the Digestion of the Stomach after Death " ; and his 
“ Observations on Certain Parts of the Animal Economy,” 
the first edition of which appeared in 1780, contains a memoir 
entitled Observations on Digestion.” In the latter publication 
Hunter went out of his way not only to say that a statement 
by Ueaumur which he <iuot<3s “is to bo set down £us a piece 
“of anatomical ignorance,” but also to criticise severely several 
particular experiments of Spallanzani as well as his genera! 
method of impiii-y. He* complained of Spallanzani as being 
deficient in anatomical knowledge, and in that “ like all mere 
“ experiment-niakers, lie is not satisfied even with those which 
“ are clear and d(‘cisive, but multiplies them most unnccijssarily.” 
He explained how in his view experiments ought to be con- 
ducted and adds that “if Spallanzani liad employed half his 
“time in this way * * * he had enipk»yed his time much 
“better than in makirig experiments without end.” This rude 
and disdainful criticism Spallanzani answered and adeejuately 
reVmked in a dignified manner in a letter published in 1788. 
One cannot help suspecting that the tone of Hunter s nunarks 
was in part at least due to a want of sympathy hetweon 
Spallanzani’s general vituvs and liis own. For Spallanzani 
was eminently free from all vitalistic tendencies. On the other 
hand, to understand Hunters views it must be borne in mind 
that he distinctly belonged to the scliool of Stahl tliough he 
replaced the phiase ‘ sensitive soul ’ by that of * vital principle.’ 

“ An animal substance,” says he, “ when joined with the 
“ living principle, cannot undergo any change in its properties 
“ but as an animal ; this principle always acting and preserving 
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“the substance possessed of it from dissolution, and from being 
“changed according to the natural changes which other sub- 
“ stances undergo/' The doctrine here laid down is, it will bo 
observed, almost identical with that of Stahl. 

In his first paper Hunter states that “the? appearances of 
“ the stomach found to be digested after death shew that 
“digestion neither depends on a mechanical power, nor contrac- 
eptions of the stomach, nor on heat, but on something secreted 
“in the coats of the stomach, and thrown into its cavity, which 
“ there animalizcs the food or assimilates it to the nature of 
“ blood." The instances ol‘ the stoinach d igesting i tsel f interested 
him, because he maintained that “animals or parts of animals, 
“possessed of the living principle, when taken into the stomach, 
“ are not in the least affectt‘d by tin' powers of that viscus, so 
“ long as the animal principle remains." And In? e.\})lained the 
auto-digestion as due to the walls of the stomach cc'asing to be 
alive and becoming subject to the power still remaining in the 
gastric juic(5 which they had thems(‘lves secreted. 

Hunter is very clear tliat digestion is not fiTinentation. 
He speaks of the vinous and acetous f'nnentation to which 
vegetable substances are prone and of the putn'factive fin-menta- 
tion to which animal substance's are subject;. And lie argues 
as follows: — “It may ho admitted as an axiom tfiat two proces.ses 
“cannot go on at the same time in the sanui part of any 
“substance; therefore neither vegetable nor animal substances 
“ can undergo their spontamioiis changes wliile in the act of 
“being digested, it being a process superior in power to that of 
“fermentation. * * * The gastric juice therefore preserves 
“ vegetables from running into fermentation and animal sub- 
“ stances from putrefaction; not from any anti.soptic (piality in 
“the juice, but, by making them go through another process, 
“preventing the spontaneous change from taking place/’ 

And he developes his view more fully as follows; “ 'I’luf 
“ procciss of digestion differs from ev(u-y other natural operation 
“in the change it profluces on different bodies; yet it is by no, 
“means fermentation, though it may resemble it. For fer- 
“ mentation, a spontaneous process, is that natural succession 
“of changes by which vegetable and animal matter is reduced 
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to earth ; therefore must be widely different from digestion 
“ which converts both animal and vegetable -substances into 
chyle, in the formation of which there cannot be a de- 
“ comfjosition similar to fermentation. 

“Digestion is likewise very different from chemical solution, 
“ which is only a union of borlies by elective attraction. But 
“digestion is an assimilating process; and in this respect is 
“somewhat simihir in its action to that excited by morbid 
“ })oisons. It is a species of generation, two substances making 
“ a third ; but the ciuious circumstance is its converting both 
“vegetable and animal matter into the same kind of substance 
“ or compound, which no (diemical process can effect. The chyle 
“ is compounded of the gastric juice and digestible substances 
“when pert'e(;tly converted; and it is])robal)lc that the quantity 
“of gastric juice, may be nearly equal to that part of the food 
“ which is really changed into chyle.*' 

Hunter’s views lieic* it will be seen are vaay similar to thosc^ 
of Spallanzani, though modified by the vii.alistic Stahliau 
conceptions in which the latter did not share. In one respect 
IlunLer* went beyond Spallanzani ; he was, at least at ontj time, 
inclined to attfudi ini|)ortance to the acidity of ga.stric juice. 
In 1772 ho says: “ In nil the animals, whether carnivorous or 
“ not, upon which 1 made oxp<vriments to discover whether or 
“ not there was an acid in the stomach (and I tried this in a 
“great variety), 1 constantly found that there was an acid, 

“ though not a strong om?, in the juices contained in that viscus 
“ in a natural state.'’ But in his later paper ho is led tt) think 
that “ it is only formed occasionally. Whether the stomach 
“has th(' power of immediately secreting this acid, or first 
“ secretes a sugar which afterwards becomes acid, is not easily 
“ascertained." He is inclined towards the latter view, os})ociaIly 
since in the stomach of the calf before birth no acid can be 
found. And indeed tlu^ eighteenth eontiiry passed wholly away 
before the ‘ acid ferment * on which van Helmont had, in the 
^ early years of the seventeenth century, 4aid such great stress 
was rightly appreciated. For the observation of Oarmiiiati, who 
following close after Spallanzani, in 1780 found the clue to the 
problem of the acidity of gastric juice, by shewing that in 
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carnivora at least the juice though neutral when the animal 
is starving, is undoubtedly indeed strongly acid after it has 
been fed, fell on barren ground, and faihid to produce the fruit 
which otherwise it might. 

During the two centuries, the seventeenth and the eighteenth, 
phywsiological iiKpunas, as we have seen, swayed now in one 
direction, by views of chemical fermentation or eftervescence, 
now ill another direction by views of mechanical trituration, 
Thad come in the end to the conclusion that digestion was in 
the main a process of solution of a peculiar character begun 
and chiefly carried out in the stomach though assisted by 
minor subsequent changes taking place almig the intestines. 
They who were under the influence of the Stahlian vitalistic 
doctrines, and these were perhaps tlie more muuerous, held the 
change to be the commencement of, to be the first step in, 
the conversion of dead food into living flesh and blood, and 
spoke of it as an animalisation. They wlio w()re not of that 
school wove content to speak of it as a change diflering 
from ordinary chemical change, without being able to <lefine 
its exact characters. It was loft for the nineteenth eentury 
to throw a new light on the nature of the gasfciic changes and 
at the same time to shew that what took place in the stomach 
was not the whole of digostion,'but only tla^ first ol‘ a series of 
profound changes taking place along nearly the whole length 
of the alimentary canal. 



LECTURE IX. 

THE RISE OF TEE MODERN DOCTRINES OP 
RESPIRATION. BLACK, PRIESTLEY, LAVOISIER. 


We have seen in a preceding lecture how far John Mayow 
wont in tlie kiio\vl(?dge of the oliemiwStry of breathing. He 
wrot(3 in the third quarter of the s<' von teen th century; and by 
the end ()f the century his views had well-nigh passed away 
from men’s minds. Some writers it is true still spoke of 
* nitrous particles ’ playing a part in breathing, but the ideas 
which were tlnis put forth weio more akin to the l(M:)se notions 
which we have seen Sylvius held, than to the clear and definite 
conception of Ma^-ow. We have dwelt, in a preceding lecture, 
on the chemical ac^tivity of Stahl, and, looking at the matter in 
the light of our present knowledge, it seems difficult to under- 
stand how it was that the foremost chemist of the early years of 
the eighteenth century, who busied himself especially with the 
nature of oombnstiun and with the theory of phlogiston, did not 
put forward some striking chemical theory of breathing. That 
he did not do so seems to liave been due to the way in which 
his mind was influenced by views which he had adopted con- 
cerning the physical and mechanical effiicts of the flow of blood 
^;th rough the capillaries. 

Stahl taught that the most important fact about the 
circulation of the blood was the passage t^irough the capillaries, 
the transpression of the blood through the spongy, porous and 
“ exceedingly soft tissues of the body, by which doubtless it is 
“kept constantly in a proper state of fluidity so that it may 
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“ remain not only suited for its perpetual circuit but also fitted 
“ for the due separation during that very circuit of the matters 
“ which have to be discharged from its midst/' 

He insisted that two things have to be borne in mind in 
relation to this “ transpulsion through the soft ])orous tissues. 
‘‘ The first is the business of the vital tonic movement, which 
takes place and is developed in an independent manner, 
“quite apart fi*oin our will and consciousness. By means of 
“ this the porous structures at one time being more constricted 
“ and compact, admit tlie blood more sparingly, and at another 
“time being relaxed, give jilacc to a readier and fuller passage.” 
This idea of the varying tonicit3^ of the vaiying tonic move- 
ment, of the tissues was made by Stahl tlie corner-stone of 
much of his pathology, and exerted a powerful influe.nce over 
medical thought for many years. 

The second thing on which Stahl insisted as a result of the 
‘ transpulsion ' is the warming of the blood. “ The se(;ond point 
“to be notic^ed is the heating of the blood under, nay rather, on 
“account of this samo movement of the circulation at once 
“pulsatory and tonic, and of the special intensity of (‘.ach of 
“these two kinds of movement” The heating hci says is 
sirnpl}' the mecliariical effect of the friction developed dui-ing 
the passage. “ Here again w(?' ought to bear in mind the 
“purely meclianical nature of the whole action. That is to 
“say, this heating does not depend r)n any foreign particular 
“kind of matter (except alone the sp(?cial cli(imical constitution 
“ of the blood itself), l)ut soleU- and simply on the movement 
“and on its greater or less iritensitj^, the variations of which 
“ are dependent on the one hand on the impetus itself of the 
“ impulse, and on the other hand on the tonic rigidity of the 
“ tissues according as these are constricted or relaxed.” 

Stahl thus deliberately rejects the view that the heat of 
the blood and so of the body is due to chemical action ; h< 
regards it as solely nnd simply a mechanical elfect. And this 
conception of the orig*in of animal heat determined his view ol‘< 
the function of breathing. According to him, the purpose of 
the movements of the chest and of the lungs is to regulate 
and facilitate the passage of the blood through the pulmonary 
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blood vessels, and he discusses at length how the rhythmic 
movement, the alternate expansion and contraction of the chest 
affects the condition of blood vessels in the lungs, and so the flow 
through them. And he takes credit to himself for being the first 
to shew that so far from breathing having a cooling effect on the 
blood, the friction engendered by the passage of blood through 
the lungs is one of the chief source^s of the heat of the body. 

Thus the great chemist of the day was, by the influence of 
a theory, led away from the true solution of one of the most 
conspicuous chemical problems of physiology. And this was 
the case, although he had put his foot on the right path. 
Discussing the uses of air, he dwells briefly on the question 
whether something may not in inspiration be given up to the 
blood, just as in expiration there is, as he admits, a “transpiration 
of aquosity in tin* form of vapour”; but he concludes that iiuy 
such entrancti is of little moimuit ; and he sums up as follows. 

“ As however it is (|uit(j <‘vident that air thus takes part in 
“and contributes to this whole business of breathing in no 
“other than a foiinal manner, as the phiase is” (that is in a 
mechanical manner), “so, as to whether, whe^re and how it may 
“ scorn to add something in the way of mere matter, wo have 
“already made*, a remark or two. Meanwhile it is wholly clear, 
“from every point of view, that that something is neither 
“great in quantity nor dense in quality, nor indeed anything 
“diflerent from the tiuo nature* of atmospheu'ic air-, which it 
“ must necessarily be if breathing supplied any kind of spirit to 
“ the blood. If it be anything it must be something much more 
“simple, namely a certaiii principle called phlogiston. JMevor- 
“ theless in respect even to this, doubts against it of no less 
“weight than aigiinKUils in fkveuir of it present themselves. 
“ For this principle does not abound in the air in sufficient 
“ quantity to be able at each breath to supply and add to the 
“ blood an amount of itself of any moment. This is a postei'iori 
“ clear from the fact that only a very little of this matter of 
» “phlogiston can be received into even a large quantity of air, 
“ even in a place where it is sufficiently collected in it, as 
“ when inflammable things are burnt, flowever these things 
“may be, these considerations, interesting perhaps to the 



ix] Doctrines of Respiration. 227 

" curious, add absolutely nothing to medical practice ; and it is 
“ not meet to waste any more time upon them.” 

Thus the great exponent of the chemistry of his time, and 
especially of the chemistry of combustion, touched lightly the 
key to one of the most important of the chemical problems of 
the living body, and having touched it, deliberately drew his 
hand away. 

We naturally turn from Stahl to learn the views of the 
other great chemist of the period, Hermann Boerhaave. We 
must remember that the two were men ot‘ very unlilve character. 
Stahl was an investigator and an eager promulgator of new 
views; Boerhaave, though he did pursue with zeal and success 
various experimental inquiries, was in the main an .expositor 
and an eclectic critic of the views of others. He put forward 
no hew theories of his own about breathing, aricl was content 
to point out the conclusions which could be drawn from the 
various results of other in([uirers. In his gnjat work on the 
Elements of ChewAstru, which deservedly became the tc^xt-book 
of the age, after dwelling at some length on air and its pioperties 
in a manner which shews his profound acqiuuntance with all 
the researches of the time, he has a passage entitled “There is 
*'in air a wholly special virtue.” In this, aftc^r shewing that all 
living things stand in need of air, and aftiT poinling ont the 
effect of air on the colour of blood, in turning dark blood scarlet, 
he ends as follows. 

“All these things prove that air possesses a certain occult 
“ virtue which cannot be explained by any of those properties of 
“air which have hitherto been investigated. That in this virtue 
“the secret food of life lies hidden some chemists have asserted. 

“ But what it really is, how it acts and what it exactly brings 
“about is still obscuie. Happy the man who will discover 
“ it ! ” 

We may recognize in this the sagacious observer groping 
round the truth but unable to lay his finger exactly on it. 
What were Boerhaavt^’s more detailed teachings concerning 
breathing may be inferred from the exposition given by 
his illustrious pupil Haller; for Haller in the main followed 
the lines of his great Master, differing from him chiefly in the 
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matters which weie the subjects of his own original investi- 
gations. 

In his third volume, which is devoted to respiration, Haller 
begins the subject with an accfjunt of the thorax and its 
contents, and of the actions and uses of the various parts. 
Then follows a discussion of the physical properties of air, 
its weigidi and its ‘spi*ing.’ In the course of this he dwells on 
the causes which destroy the ‘spring’ of air, noting as chief 
among these the respiration of animals, and observing that 
while this loss of ‘spring’ seems to be intimately connected 
with the fact that animals cannot live in air which is not 
renewed, the exact cause why they cannot do so is by no 
means clear. Next, after an exposition of the general pheno- 
mena and of the. more mechanical problems of respiration, he 
comes to the use of breathing and asks the question, Why 
almost all animals stand in need of air? This leads to the 
question, Whether air enters into and is mixed with the blood 
in breathing ? In respect to this ho cpiotes three leading 
opinions, 

“ From the iriost ancient times it has been a common view 
“that as air is in nature the cause of almost all movement and 
“ without it fire cannot subsist or charcoal take fire, so also air 
“enters into the vital humours of animals and provides in them 
“ that which brings about life. Very many arc the authors who 
“ have approved of tliis view, among whom I will only mention 
“the chief, and of the.se the more recent, who have maintained 
“ that the very air of the atmosphere itself, such as we take in 
“ by the mouth, reaches the blood. A different opinion is held by 
“ those who have admitted that only a something reaches the 
“ blood from the air, which soTnething some have spoken of as 
“ the moi e subtle particles or ether, others again as aereal nitre. 

“ A third party have maintained that the very air itself reaches 
“ the blood but air dissolved in water and deprived of its elastic 
“force so tliat it cannot expand or undergo compression.” 

In discussing those several views Haller naturally dwells 
upon the corresponding views held as to the use or function of 
the air or part of the air thus reaching the blood. He speaks 
of what may be called the physical hypothesis, such as that held 
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by Borelli, which taught that the air, still retaining its elasticity, 
produced its effect on the blood in a physical manner, by exciting 
vibrations for instance. He mentions the various forms of the 
spiritual hypothesis, according to which either an actual vital 
spirit, or some active particles, spirituous or ethereal, passed 
from the air into the blood and gave it its vital properties. He 
adds, “ Some indeed while refusing to admit in plain terms that 
... ‘'any actual spirit is generated out of the air, nevertheless 
“affirm that a vital entity of some kind is taken up from the 
“air, and indeed men, wholly opposed to the vitalistic sect” 
(referring to the passage of Boerhaave (pioted above) “ have, 
“not shrunk from this view.” He next refers to the chemical 
hypothesis, namely, that some cheniical substance, a saline 
vapour, or am acid volatile salt, or aereal nitre, passed fiom 
the air into i.he blood and produced an effect on the blood 
through chemical processes : and he places the views of Mayow 
on the same loved as those of the many other cihemieal authors. 

Discussing and rejecting all these various views, giving his 
reasons for tliinking that elastic air does not pass into the 
l>lood, and refuting at some length the hypothesis that the 
inspired air, through being cold, hiads to a (condensation c)f the 
blood in the lungs, Haller warns the r(.*a(ler that the rejection 
of all these views “does not lojid to the conclusion that in 
“breathing wo derive nothing from the air.” 

He argues that since air exists in such (piantity in all th(^ 
humours of the? body and since a ready entrance of air is afforded 
by the absorbing veiulcits surrounding the pulmonary vesicles 
full of air, air does enter the blood, but “in the lungs loses its 
“ elastic nature and so becomes rci.-ulily soluble in water and 
“ vapour. Hijrpocrates counted air as a nutriment of the body, 
“and since even the most solid parts of the body contain a 
“great deal of air and give that up when they are dissolved 
“and reduced to their elements, it is extremely probable that 
“air plays the part of a cement holding t(^gether the earthy 
“ elements.” * 

Such is Haller s account of pulmonary' inhalation, and he 
completes the story by an ac<JOuut of pulmonary exhalation, 
which he says consists chiefly of water but not mere water, 
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“ water impregnated with a volatile fatty exhalation and not 
“free from saline matter.” 

The subject of animal heat is so closely connected with 
respiration that it will be convenient to note here what Haller 
has to say about this. He expounds' in the first place what 
may be called the chemical theories of animal heat, the fer- 
mentation in tlie heart, as put forward by van Helmorit, and 
the etiervescence arising from the meeting of the old iis(id-up, 
blood, spokcin of as venous blood, and the fresh acid chyle, as 
put forward by Sylvius. He merely touches in a veiy scanty 
manner only on the more exact chemical view of Mayow. But 
he goes on to say that “ towards the close of the preceding 
“(seventeenth) century greater attentiori was paid to the 
“properties of solid parts, and the importance attached to 
“ chemical causes (such as van Helinont and Sylvius had 
“ brought to the front) soinewh«at fell off.” Hence there came 
into more general acceptance the physical view that the heat of 
the body was due to the friction of the blood as it was driven 
through the blood vessels, the view held as we have just seen 
by Stahl. 

Haller discusses all the. various arguments for and against 
these several views, and concludes as follows ; 

“ So far then it seems most probable that the blood is 
“ certainly warmed by its movement, but it is by no means 
“ clear why it should be thus warmed to a higher degree than 
“ water would be under like circumstances, or why the tein- 
“peraturc is never varied beyond certain narrow limits.” 

I have given this brief sketch of Haller’s exposition in order 
to shew how little advance has been made since the days of 
the English School of which I spoke in a preceding lecture. 
Perhaps one ought luther to say how things had gone back, for 
the lead offered by Mayow as it had been rejected by those 
coming between him and Haller, so it was rejected by Haller 
himself. 

« Meanwhile the first step in the new progress which before 
long was to be made had been taken, and that in Mayow’s 
country, in England, or rather in Great Britain. 

Well known to Haller, though perhaps not fully appreciated 
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by him, were the works of Stephen Hales. This remarkable 
man did not belong to the medical profession, was not the 
holder of any medical chair. He. was a clergyman, an active, 
perhaps too active and zealoUvS parish priest. Born in 1677 
at Bekesbourne in Kent, educated at Corpus Christi College 
in Cambridge, of which he was some time a Fellow, he 
became perpetual curate or minister at Teddington on the 
Thames, where he made the acquaintance of Horace Walpole, 
who however speaks of liim 'as a poor, good, priiiiitive creature,’ 
of Pope and others. He was also Rector of Farringdon in 
Hampshire. He died in 1761. Clergyman as he was, he was 
devoted to science; he had begun to experiment while at 
Cambridge “ in the ^laboratory of Trinity College which t he 
then Master of Trinity, the great scholar Bentley, anxious to 
make his College the seat of all kinds of learning, had estab- 
lished ; and he continued his njsoarches amid his parish duties 
at Teddington. He was a sanitary piimeer, being the first to 
introduce ventilation, an ardmit advocate of temperance prin- 
ciples, and one of the founders of a society which afterwards 
became the present Society of Arts. The Royal Society, of 
which he was an active Fellow, pul)lishe(l Ids Siatiad Esstijfs^ 
the first volume of which appeared in 1726, the second in 1732. 
The second volume entitled Hcbmastatics deals chietiy with the 
mechanics of cinailation. He was the first to determine, by 
actual experiment on the living animal (he used the horse), the 
pressure of blood on the blood vessels ; and the researches 
recorded in this volume stand out conspicuous as marking 
the chief advance made in this branch of physiology between 
Borelli and PoLsseuille. The first volume which treats chiefly 
of the flow of sap in vegetables contains an essay with the 
following title. 

“ A specimen of an attcuiipt to analyse the air by a great 
“variety of chymico-statical experiments which shew in ho^ 
“great a proportion air is wrought into the composition of 
“ animal, vegetable, and mineral substances, and withal ho^^ 
“readily it assumes its former elastic state when, in the dis- 
“ solution of those substances it is disengaged from them.” 

He calls all gases ' air,' and recognizes air or gas as existing, 
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fil’Bt in an elastic state, in which the particles repel each other, 
and secondly in a ronluced or fixed state, in which their particles 
are attracted by the particles of some other substance, e.g. 
sulphureous particles. 

I refer to him not because he made any definite special 
contribution to our knowledge of respiration (though his work 
had a remarkable practical side through the introduction of 
ventilation), but because his writings contain the first clear^ 
enunciation of the existence of gases in a fi*oe and in a com- 
bined condition. By clearly stating this principle he exercised 
a notable influence on othei* men’s resc,‘arches, and thus power- 
fully aided the discoveries which were made by others after him. 
This is what ho says : 

Since, then, air is found so manifestly to abound in almost 
“all natural bodies; since wo find it so operative and active a 
“principle in every ehyrnical operation; since its constituent 
“pai’ts are of so durable a nature, that the most violent action 
“ of fire or of fermentation c.annot induce such an alteration of 
“its texture as the!‘el)y to discjualify it from resuming either by 
“fire or fermentation its forinor elastick state; .... since 
“then this is the case may we not with good reason adopt this 
“ now fixed, now volatih? Proteus among the ehyrnical principles, 
“and that a very active one, as well as acid sulphur? notwith- 
“ standing it has hitherto been overlooked and rejected by 
“chymists, as in no way entitled to that denomination.” 

Hales, it will be observed, speaks of air (or gas) as if it were 
always the same thing. He knew that air had not always the 
same properties, that sometimes it was inflaminabUi and some- 
times not, sometimes good for breathing, sometimes not, but 
these were instances f)f varying qualities of the same thing, not 
of different things. He ignored van Helmont s discovery of a 
gas which was a different thing from air. But the avatar of 
the now nearly forgotten van Helmont was soon to come. 

Ill 1754 there apj)eai‘ed a Dissertatio de humore acido a 
toibo orto et de magnesia by one Joseph* Black, who, born at 
Bordeaux in 1728, had been educated at Belfast, Glasgow, 
and Edinburgh, and who in the year following the appearance 
of his disserUtioii was appointed Professor of Chemistry at 
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Glasgow in succe^ssion to Cullen. Ten years later he became, 
again in succicssion to Cullen, Professor of Chemistry at 
Edinburgh, where he died in 1799. The Latin dissertation of 
1754 appeared in the following year as an English essay, 
entitled, “ Experiments on Magnesia Alba, Quick-lime, and 
other Alkaline Substances.*' 

Stone in the bladder and gravel in the urine were in those 
days attracting much attention in tin! medical profession, and 
the qualities of various alkaline bodies ])rop()sed as remedies for 
them were being much discussed. 

According to prevalent ideas, governed by the phlogiston 
theory of Stahl, lime or chalk became ([iiick-Iimc, became 
caustic by taking up phlogiston, and when slacked gave out 
phlogiston ; that is to say lime suffered gain in becoming 
caustic quick-lime, and caustic quick-lime suifered loss in being 
slacked and btjcoming mild. 

Black made the notable observation that ordinary or mild 
lime lost iu weiglit wlien it was burnt into caustic lime. Ho 
further obsorvcHl that all *mild* alkalis, lime, magnesia, and 
the like, when treated with acids, gav<‘ otif a particular kind of 
gas or air. When caustic lime by ex|)osuro to the air became 
mild lime, the change, he argued, consisted in the lime taking 
u}) from the atiiKJSphci’O this particular kiml of air, ‘‘ Qnick- 
lime therefore does not attract air when in its most ordinary 
'‘form, l)ut is capable of being joined to ow. particular species 
“ only, which is dispersed through the atmosphere either in the 
“shape of an exceedingly subtle powder, or more probably in 
“that of au elastic fluid. To this I hav^t^ given the name of 
“ "jixexl air.' ” 

Moreover when mild lime was bin ned and so became caustic 
lime, this same fixed air was given off It was t he loss of this 
fixed air which accounted for tlio loss of weight when mild 
lime was burned into quick-lime. In fact the mild alkaks 
were compounds of caustic alkalis with fixed air. 

This discovery of Black really entailed the destruction Cjf 
the phlogiston theory, but that theory had established itself in 
the minds of men of the time far too firmly to be driven off* at 
the first assault. 
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Black moreover made another discovery. Using as a test 
for the presence of fixed air the fact that it, when driven 
through a clear solution of lime water, i.e. a solution of caustic 
lime, caused a precipitation, in consequence of its combining 
with the caustic lime and converting it into mild lime, he was 
able to prove that fixed air was given off in fermentation, was 
a product of the burning of charcoal and was present in ex- 
pired air. 

He thus rediscovered the gas which van Hclmont had 
discovered more than a hundred years ago. This is what 
he says, writing some years afterwards in his Treatise of 
Chemistry : 

“ I fully intended to make this air (fixed air) the subject of 
‘'serious study.... In the same year, however, in which my first 
“ account of these experiments (on magnesia, etc.) was published, 
“ namely 1757 {sic), I had discovered that this particular kind of 
"air, attracted by alkaline substances, is deadly to all animals 
"that breathe it by the mouth and nostrils together; but that 
“ if the nostrils were k(q)t shut I was led to think that it might 
"be breatht‘d with safety. I found for example that when 
" sparrow^s died in it in ton or eleven seconds, they would live 
"in it for three or four minutes when the nostrils wore shut 
"by melted suet. And 1 convinced myself that the change 
“ produced on wholesome air by breathing it, consisted chiefly, 
"if not solely, in the conversion of part of it into fixed air. 
" For 1 found, that by blowing through a pipe into lime water, 
"or a solution of caustic alkali, the lime was precipitated, and 
" the alkali was rendered mild. I was partly led to these 
*• experiments by siime observations of Dr Hales, in which he 
"says, tliat breathing thi-ough <liaphragms of cloth dipped in 
" alkaline solution made the air last longer for the purposes of 
" life. 

" In the same year I found that fixed air is the chief part 
" of the elastic matter which is formed in liquids in the vinous 
"fermentation. Van Hclmont had indeed said this, and it was 
" to this that he first gave the name gas silvestre. It could 
" not long be unknown to those occupied in brewing or making 
"wines. But it was at random that he said it was the same 
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“with that of the Grotto del Cane in Italy (but he supposed 
“ the identity, because botli are deadly), for he had examined 
“ neither of them chemically, nor did he know that it was the 
“air disengaged in the effervescence of alkaline substances 
“ with acids. I convinced myself of the fact by going to a 
“brewhouse with two phials, one filled with distilled water, 
“and the other with lime water. I emptied the first into a 
“ vat of wort fermenting briskly, holding the mouth of the 
“phial close to the surface of the wort. 1 then poured some 
“ of the lime water into it, shut it with my finger, and shook it. 
“ The lime water became turbid immediatel}-. 

“ Van Helmont says that the dauHte or deadly vapour of 
“burning charcoal is the same gas silvestre; but this was also 
“a random conjecture. He does not ev(>n say that it ex- 
“tifiguivshes fjame; yet this was known to the chemists of 
“his day. 1 ha<l now the certain means of deciding the 
“question, since, if the same, it must be fixed air. I made 
“several indistinct experiments as soon as the conjecture 
“occurred to my thoughts; but they were with little con- 
“ trivaiice or accuracy. In the evening of the same day that 
“I discovered that it was fixed air tliat escaped from for- 
“menting li(]uors I made an experiment whicli satisfied mo. 
“ Unfixing the muzzle of a pair of chamber- bellows, I put a 
“bit of charcoal, just red-hot, into the wide end of it, and then 
“quickly putting it into its place again, T plunged the pipe to 
“ the bottom of a phial, and forced tht3 air very slowly through 
“the charcoal, so as to maintain its combustion, but not 
“produce a beat too suddenly for the phial to bear. When 
“I judged that the air of the phial was completely vitiated, 
“1 poured lime water into it, and had the pleasure of seeing it 
“become milky in a moment. 

“ I now admired van Helmont’.s sagacity, or his fortunate 
“conjecture; and, for some years, I took it for granted tha^ 
“ all those vapours which extinguish flame, and are destructive 
“of animal life, without irritating the lungs or giving warning^ 
“by their converse nature are the gas silvestre of van Helmont 
“ or fixed air.*’ 

It is thus evident that Black so early as 1757, the year 
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Haller published the first volume of his Elementa, had redis- 
eovered the gas sylvestre of van Helmont, and to a certain 
extent learned its nature. He recognised it as a distinct gas, 
as somc‘thing which, though it might be present in atmospheric 
air, was distinct from air, was not a mere modification of air. 
He saw that it was irrespirable ; and though he did not lay hold 
of its nature with sufficient distinctness to justify his calling it 
by the name applied t(^ it much later and now used by ns, the^ 
name of carbonic acid gas, he proved by experiment tijat it arose 
from burning charcoal. 

Black recognized this fixed air as being present in ordinary 
air, but ho nowhere states to what extent it is so present. It 
was as we have seen recognized by Mtiyow, by Haller, and 
indeed generally that part onh^ of the atmosphere was useful 
for respiration. Mayow as we have also seen rjpeognized * this 
respirable part ns distinct from the rest of the atmosphere; the 
others were not so clear, but in any case in the (jourse of the 
century the words respirable air came into use. Black seems, 
and that v(Ty naturally, to have thought at first that the part 
of the atmosphere which was not respirable was his 'fixed air*; 
but he was 1<m1 by a ooiintiyman of his to see that part of the? 
atmosphere though not respirable was something cpiite different 
from his fixed air. Hci says in his Treatise 011 Cheinisiry : 

“Tliis portion of our atmosphere (the irrospirablo portion, 

“ that which the Swedish chemist, Scheede had called foul air), 
'‘was first discovered in 1772 by ny colleague Dr Rutherford 
‘'and published by him in his inaugural dissertation. He had 
"then discovered that we were mistaken in supposing that all 
“noxious air was the fixed air which I had discovered. He 
“ says that after this has been removed by caustic alkali or 
“lime, a veiy large proportion of the air remains which ox- 
“tinguishes life and flame in an instant.” 

We in ay therefore say that nitrogen was discovered by 
Rutherford in 1772; but he did not give it this name, nor was 
Jie aware that this irrespirable constituoat of the atmosphere 
had anything to do with the famous nitre which had so much 
occupied the minds of philosophers of the preceding century. 
It was not indeed until Cavendish, that eccentric nobleman, 
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acute and careful observer, skilful experimenter, but strange 
being, obtained* nitric acid from the atmosphere, by electric 
sparking, that the connection between uitn^ and the chief 
constituent of the atmosphere became known. It was this 
connection which led the French chemist Chaptal to suggest 
for the atmospheric constituent the name nitrogen; but it was 
Lavoisier who first clearly defined its characters, and lie always 
^ preferred to call it by a name which indicated its inability to 
sustain life, azotic gas or azote. 

We have said that Black rediscoveroil under the title of 
fixed air the carbonic dioxide which van Helmont had dis- 
covered as gas sylvestre. We may similarly say that Priestley 
and Lavoisier rediscovered th<i gas which Maytnv had made 
known by the jiame of igneo-aereal salt or spirit. 

1 need not here dwell at any lengtii on tin? life of Joseph 
Priestley. Born in at Fieldhead near Leeds, in Yorkshire, 
educated to be a ministei* in the IJnitai iaii Chuich, at first a 
somewhat ‘'stickit’’ miiuster in Suffolk and in Cheshire, after- 
wards holding a more congenial post as tutor in the academy 
at Warrington, for some time literary companion to Lord 
Shelburne, his most active life was s|KMit as minister first at 
Leeds, then at Birmingliam. Man of h^ttcu’s as well as man of 
sciencci, prolific theologian and ardent politician, his views did 
not eommend themselves to the people, or sliall 1 rather say to 
the populace ; as is well known he had to fioo from Birmingham, 
and after hiding somewhile in London passed over to America 
and took up his abode at Northumberland in Pennsylvania, 
whore in 1804 ho died. 

Priestley’s first work ou respiration consisted in attempts to 
restore, to render once more respirable, air which had been 
vitiated, rendered irrcspirable by being breatlied. After several 
failures he at last succeeded by means of vegetation. He says : 

“ 1 have been so happy as by accident to have hit upon u 
method of restoring air which has b(.*en injui’ed by the burning 
of candles, and to hnve discovered at least one of the restora-^ 
“tives which nature employs for this purpose. It is vegetation. 
* * * * # * 

One might have imagined that, since common air is 
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“necessary to vegetable as well as to animal life, both plants 
“ and animals had affected it in the same manner, and I own I 
“had that exp(?ctation, when I first put a sprig of mint into a 
“glnss jar, standing inverted in a vessel of water: but when it 
“ bad continued growing there for sonic months, I found that 
“the air would neither extinguish a candle, nor was it at all 
“ inconvenient to a mouse which 1 put into it. The plant w^as 
“ not aff(?eted any otherwise than was the necessary consetpicnce 
“ of its confined situation. 

******* 

“ Finding that candh‘s would burn very well in air in which 
“plants had grown a long time, and having had some reason to 
“ think that there w^as something attending veg(-*tation which 
“restored air that had been injured by respiration, I tliought it 
“ was possible that the same process might also restore the" air 
“ which had been injured by the burning of candles. 

“Accordingly on the 17th of August, 1771, I put a sprig of 
“ mint into a quantity of air, in which a w^ax candle had burnt 
“out, and found that on the 27th of that same month another 
“ candle buriuHl perfectly well in it. This experiment I repeated, 
“ without the least van’ation in the event, not less than eight 
“or ten times in the remainder of the summer. 

******* 

“ This restoration of air, I found, depended on the vegetatmg 
''state of the plant; for though I kept a. great number of the 
“ fresh leaves of mint in a small quantity of air in which candles 
“had burnt out, and changed them frequently, for a long space 
“of time, I could perciuve no melioration in the state of the air.” 

About the same time, following up an experiment of Hales, 
he prepared what he called nitrous air or nitrous acid, and he 
made the lernarkable observation that this nitrous acid in 
producing certain effects on air acted only on air fit for 
respiration. He says : 

“ One of the most conspicuous properties of this kind of air 
“is the great diminution of any qnantityiof common air with 
“which it is mixed, attended with a turbid red, or deep orange 
“ colour and also a considerable heat. 



IX] 


239 


Doctrines of Respiration. 

“I hardly know any experiment that is more adapted to 
amaze sind surprise than this is, which exhibits a quantity of 
“air, which, as it wore, devours a quantity of another kind of 
“ air, half as large as itself, and yet is so far from gaining any 
addition to its bulk, that it is considerably diminished by it/' 

He found this nitrous air could be conveniently used fis 
a test of the fitness of air for breathing. Either ot' these lines 
of intjuiry might have led him to the discovery which he 
afterwards made. But they did not. His mind was too full of 
phlogiston, and under the idea that coniin<»u air consisted of 
acid gas and phlogiston, he pursued long iin]uiries into other 
acid gases than the nitrous air, into marine acid air, vitriolic 
acid air, and even vegetable or acetous acid air. 

These inquiries did not lead far; but another independent 
inqftiry suddenly brought him, accidentally as it were, uj)on his 
great disc'.ovcny. 

He obtained after some difficulty an a(le(iuate burning-glass 
such as would enable him to raise to the requisittJ heat bodies 
enclosed in a glass vessel, the gases developed in which lie could 
study with success. By the help of this buruing-glass he, 
following up Halos' views, “tried to find out what kind of air a 
“great variety of substances natural and artificial would yield." 

While engaged ou this inquiry, which vvas<|nite independent 
of his eai'lier researches, lie found that mercuric oxide, raercarius 
calciiKftus per ,s*c, yielded under the action of the sun's rays a 
quantity of gas which was not iiiffamuiable, and which so far 
from quenching flame was exceedingly favourable for com- 
bustion. These are his words: 

“ With this ajiparatus, after a variety of othoi* ex|)erimcnts, 
“an account of which will be found in its proper [ilace, on the 
“ 1st August, 1774, I ciidcavonred to extract air from merciirius 
“ calcinatns per se ; and I presently found that, by means of tliis 
“ lens, air was expelled from it very readily. Having got about 
“thi*ee or four times as much as the bulk of rny materials, 1 
“admitted water to i^, and found that it was not imbibed by it.^ 
“But what surprised me more than 1 can yet well express, was 
“that a ca.ndle burned in this air with a remarkably vigorous 
“ flame, very much like that of the enlarged flame with which a 



240 


The Rise of the Modern [lect, 

“ candle burns in nitrous air, exposed to iron or liver of sulphur ; 
“ but as I had got nothing like this remarkable appearance from 
“ any kind of air b(‘sides this particular modification of nitrous 
“ air, and I knew no nitrous acid was used in the preparation of 
meramus Ciilcinatus, I was utterly at a loss how to account for 
“ it.*' 

He further mentions that the flame of the candle besides 
“ being larger, burned with more splendour and lieat than in that 
“species of nitrous air; and a piece of red-hot wood sparkled in 
“ it." 

He obtained the same gas from red precipitate and from 
nimium ; he found that a mouse lived well in it, and on trying 
it with his nitrous air he found that it was much better than, 
four or fivii times as good as common air. It was therefore not 
common air, it was the same thing .as that which ren'ders 
common air fit for ros|>iration, but as it wore in a more con- 
densed form, 

Priestlcjy as I hav(5 said was devot(‘d to the phlogiston 
theory. H(i thought phlogiston ; he could not lay liold of any 
subject save from the phlogiston point of view. Air supported 
combustion because it took up the ydilogiston given out by the 
burning Ijody. CJornmon air w;i..s to a c<u-tain extent free fi'orn 
phlogiston, it was dephlugistiealeil, and in proportion as it was 
so dephlogisticat<Ml, it could support combustion. Common air 
sujDported combustion to a c(utain extent only, a part only of it 
could support combustion because it, was only partially dephlo- 
gistioated. The now air- which ho got from the metallic oxides 
was wholly dephlogisticated. 

“I got aiiV' says he, “which I wjis gradually satisfied had 
“all the properties of common air, only in much greater 
“ perfection, so as to be entitled (according to my idc'a of purity 
“ or impurity with respect to air) to the name of dephlogisticated 
^•air, which for that reason I gave to it.” 

He recognised the new thing which he had got not as a new 
thing, a new g.as or air, different from the I'cst of the atmosphere, 
but as a part of the atmosphere brought into a new condition. 

He thus in 1774 prepared oxygen, he prepared the igneo- 
aereal substance of Mayow, but he did not discover it, in the 
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sense that he did not discover the true nature of the substance 
which he had prepared ; what he did discover was that the air 
which he had prepared was that part of common air which sup- 
ported combustion and life. 

By the help of this discovery ho could now explain on the 
phlogiston theory his previous results. 

Animals whose bodies abound in phlogiston, introduced by 
their foo<I (for both the dead food and the body which eats the 
food are combustiblcj, and combustible means holding phlogiston), 
in the act of breathing give out phlogiston so long as the 
atmosy)here they breathe contains enough deplilogisticatcd air 
to absorb the phlogiston ; wlien this d(.‘phlogisticated air becomes 
saturated with phlogiston and can receive no more, the atmo- 
sphere ceases to bo respirable. 

Animals can take in, can imbibe phlogiston only as part 
of their food, can take it in only when it is already combined 
with the substanc(^ of their food. Plants, ori the other hand, 
undej- the influence of light can imbibe ]>hlogiston directly fro? t) 
the air, can withdraw phlogiston from and so di phlogisticate the 
air ; hencH; it is that they c^an render ?*espir*able or dephlogisticated 
the air which animals Jiave rendered ir?-(;spir;ibl(i or phh)gisti- 
cated. But they can do this only under the influence of light. 

“In these expeudments,” his 'experiments on air, “ it clearly 
appeared that lespi ration is 'pi dog iHilc procens affecting air 

“ in the very same maniuu* as eveiy other phlogistic process (viz., 
putrehiction, the effervesceJice of iron-filings and brimstone, 
“or the calcination of metals, &c.) affi;cts it; diminisJving the 
“quantity of it in a certain proportion, lessening its specific 
“gravity, and rendering it unfit for respiration or irdlammation, 

“ but leaving it in a state cjipable of being restored to a tolerable 
“degi'ee of purit}^ by agitation in water, &c.” 

The last words in the above sentence refer to some earlier 
experiments, made before he had observed the restoration of 
vitiated air by vegetation, experiments which led him to think 
that he could obtain certain amount of restoration by mere ^ 
agitation with water. 

He many times insists that respiration and putrefaction are 
the same things. 


p. L. 
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“ Respiratioii and putrefaction affect common air in the same 
mariner, and in the same manner in which all iiQxious processes 
“diminish air and make it noxious, and which agree in nothing 
“but the emission of phlogiston. If this be the case it should 
“seem that tlie plilogiston which we take in with our aliment, 
“ after having discharged its proper function in the animal system 
“(by which it probably undergoes some unknown altei'ation) 
“is discharged as effete by the lungs into the great common 
“ menstruum, the atmosphere/' 

Ue saw, moreover, in the changes of the colour of blood 
a confirmation of his vi(?ws. Venous blood he took to be 
blood laden with phlogiston ; this reaching the lungs parted 
with its ])hlogistoii to the dephlogisticated part of the inspired 
air in the lungs, and w(*nt on its way as de[)hlogisticated blood 
to gather up phlogiston once im>re as it coursed through f the 
body. A |)rool‘ of this view h(> saw in the fact that blood 
cxpo.sed to deplilogisticated air gave up its [phlogiston and 
became bright arterial deiihlogisticated blood. Artierial bloo<i 
exposed to piilogisticated air became phlogisticat(‘d, dark, and 
venous. 

“ Having tak(‘n the blood of a sheep I introduced pieces 

“ of the crassanujiitum, contaiiuMl in nets of o|)en gauze, 
“sometimes through water, and sometimes through (juicksilvei*, 
“into different kinds of air, and always found that th(* blackest 
“ part assumed a flui id red coloui* in common air, and moi e cspo- 
“ cially in de})hlogisticat(id air, which is [purer and more fit for 
“respiration than (Mnnmon air (and accordingly the blood always 
“acquired a more ffori<l colour, and the change was produced 
“in less time in this than in common air); whereas the brightest 
“red blood b(*came presently black in any kind of air that was 
“unfit for respiration, as in fixed air, intlammable air, nitrous 
“air or phlogisticatod air; and after having Ix^come black in 
“the last of these kinds (pf air, it regained its red colour upon 
“being again exposed to coiiimon air or to dephlogisticated air; 
“ the same pieces becoming alternately bj[ack and red, by being 
“transferred from phlogisticated to dephhpgisticatod air; and 
“ vice versa. 

“ In those experiments the blood must have parted with its 
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“ phlogiston to the coinmon air or dephlogisticated air, and have 
“imbibed it anti have become saturated with it when exposed 
“ to phlogisticated, nitrous, inflammable, or fixed air.” 

It will be observed that Priestley’s idea of respiration as 
being simply the phlogistication of dephlogisticated air hd’t no 
room for any other product of respiration. Black, we have seen, 
had clearly shown that his fixed air was a product of respira- 
tion, was a constituent of expired air. Priestley (and this shews 
how far ho was from laying hold of the real truth about i-esf)ira- 
tion) h*ad to explain away in some manner or other Blacks fixed 
air. He attempts to show that it do(^s not com(3 from t:\w lungs. 

“It now being pretty clearly determined that coinmon air 
“is made to deposit the fixed air which entered into the 
“constitution oF it by means of phlogiston in all eases of 
“ dirninished air, it will follow that in the precipitation of lime 
“by breathing into lime water the fixed air, wiiich incorporates 
" with lime, comes not from the lungs, but from the common 
‘'air, d<?cornposed by the phlogiston exhaled from them, and 
“ discharged, after having been taken in with the aliment, and 
“having' performed its funethm in tin* animal system.” 

Briesthiy’s story is a striking examj^lo of the influence of a 
dominant theory. He was, as we have said, steeped in the 
phlogiston tlieory ; he clung to it to the end of liis life, though 
to others it seenujd bedbre that to have recei\XM.l its death-blow. 
From what 1 have saifl it is clear tliat he had fornu'd in his 
mind an imagti i>f the v(*spiratory proiu ss whicdi, so far as 
oxygen is concei'iied, wo with our pros(*nt knowhMlge ntay call 
wondei'fully exact, savi^ that it was, in a sense, eom|)letely 
upside down, an image of the truth, ]»ut an inverted ituago. 
Where we say ‘took,' he said ‘give,’ and vice cersd, and iJiis so 
persistently throughout the wdvole business that anyoiu? who at- 
tempts, as I have* Just done*, to <]escrib(^ respiration in Ih iest lily's 
terms, will find that he has to be very carefid at each step lest* 
he represent him as saying exactly the opposite of what he did 
say. It is so difficult ibr us, as it was so easy for him, to think • 
of oxidation as a ‘ giving up,' and not as a ‘ taking in.’ 

Meanwhile another mind of cjuite a flifferent mould was 
laying hold of the truth in its proper, erect position. Priestley 

IG— 2 
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was it is true a philosopher, a real investigator of nature, but 
he was also, and even more so, a politician and a theologian. 
In this latter side of his life the mode of thinking which he 
naturally adopted led him to regard every new fact which came 
before him as confirming the views at which he bad already 
aiTivod, and perhaps especially encouraged him to expound the 
now fact as affording such welcome confirmation. Possibly it 
was this other side of his mental activity which led him to cling 
so closely to the phlogiston faith. Indeed when we compare 
his character with that of Stahl, the founder of the phlogiston 
theory, we may see a certain likeness between the two. 

The man who if he was not the fir*st to prepare, was at least 
the first to discover oxygen, was free fi-om all such tendencies 
to cling to old opinions. He was wholly and entirely the man 
of science holding to an old view only until the new ofie is 
ready, always prepnrcjd, at the bi<ldiug of a now indubitable 
fact, to throw aside at once his most cluuisln.Ml ideas. 

I nec‘d noli dwell long on the perso»)al history, tlie private 
life of Antoine Laurent Lavoisier, and indeerl there is little to 
tell sav(^ the tragic end of it. 

B(wn on Aug. 174:1, he was educated at the College 
Mazarin. Here, though intended for the law, he was early 
drawn into studies of natural s(*ience ; and to these ho quietly 
devoted tlie rest of his life, spending his days, save those 
which he had to give up to official duties in connection with 
Le Fenne Cthieral whi<di he early took u[)on himself, in the 
researches of whi(;h I am about to speak, and in others which 
lie outside my prescuit task. In 17(iS, at the early age of 
twenty-five, he was admitted into the A(;ademy of Sciences, 
to which body luj from time to time made known the brilliant 
results of his labours. 

In 1775, the 3 ear after Priestley had prepared his dephlogis- 
' ticated air, Lavoisier published the immortal paper “On the 
“nature of the principle which combines with metals during 
their calcination.'' He saw the facts which Priestley had seen, 
but .saw them c\’e to eye, saw them without the veil of precon- 
ceived ideas. The metallic oxide when it became a metal did not 
take up phlogiston from the air, but gave up something to the 
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air. The metal when it was burnt into the oxide did not 
give up phlogiston to the air, it took something from the air. 
The metallic oxide in becoming metal, instead of gaining lost 
in weight. The metal in becoming metallic oxide, instead of 
losing gained in weight. Objeetions to the phlogiston theory 
based on questions of weight had been urged beibre, but the 
theory had swept them away. Now they wore put in such a 
way that they swept away the theory. Smittc‘n with these 
experiments the scientific Dagoii, the image befi>re which men 
had bow'ed their knees for a hundred years, fell crumbling to 
the ground. 

Men will tell you tales of how Priestley on a visit to Paris 
in the late autumn or wuiiter of 1774, chatted freely to his 
scientific brethj*en about the experiment which he had just made^ 
witA his mercuric oxid(i and his burning-glass; and they will 
assert that Lav^oisior was thus led to his pregnant j*esult. 
Whether this be true or no d<K*s not s<‘(uii to me to bo of vital 
importance ; whether Lavoisier got at his result wholly of 
himself or jjo, 1i<> and lie alone, not Priestley iji any way, got at 
the true menuing of tin* r<»sult. and ho alone rtjally 

discovered oxygen. 

Two years later, in 1777, the yt^ar of Hallers death, in a 
paper entitled ‘Geuoral Consi(leratious coiic^eming the Nature ot 
Acids and on the Pi’inciples of which t}i(?y are com])osed,* ho 
brought forward al)undant proofs that th(^ prirutiple wl)ich 
combines with metals when they are calcined, the drjphlogisti- 
cated air of Priestley, is the constitutive pi inciplo of acidity. 

“I shall therefore designate d('pl)logisticj:ited air, air emi- 
nently respiiablo, when in a state of combination or fixedness 
by the name of ‘acidifying |irin<uple,’ or, if one prefers the same 
“ mc>aning in a Greek dress, by that of ‘ oxygine ’ principle.” 

In the same year 1777. he attacked the problem of animal 
respiration in a paper, “ Experiments on the Respiration cf 
“Animals and on the (Changes which the Air undergoes in 
“passing through tln^ lungs.'' • 

Upon the discovery of oxygen and of the true nature of 
oxidation Priestley’s imago of the respiratory process forthwith 
inverted itself. It was seen at once that respiration was 
oxidation, that air which had been respired resembled air in 



246 The Bise of the Modena [lect. 

which a metal had been calcined in so far that it had lost a 
certain quantity of its oxygen. 

But Lavoisier went further than this, he saw that there was 
ati essential difference between air in which a metal had been 
calcincjd and air which had been breathed. The latter con- 
tained what the former did not. Black’s fixed air, for it 
precipitated lime water. Lavoisier, unlike Priestley, with no 
veil before his eyes, saw no reason to doubt that this fixed air 
came fi*om the lungs; and he recognized accordingly that in 
respiration there were tw<i factors, the disappearance of oxygen 
and the a}>pearance of fixed air. 

Ho took a measured (|uantity, 12 indies of vitiated air, of 
air which liad been breathed, and passed it over caustic*, alkali. 
It was diminished in volume by ^th, and the caustic alkali was 
found to have lost its causticity, and when treated with acid to 
give off fixed air. Lavoisier found that Black’s fixed air could 
be most readily ])repai-od by treating chalk with a(‘ids, and ho 
had determined that it gave an acid reac?tion ; hence he pre- 
forrcMl to call it iuniform calcic acid. H(4 jc(j ht.‘ states the 
conclusion to be dei ived from the (‘xperiment just cpioted in tlio 
following terms. Air vitiated by breathing contains ^th part 
'‘of an aerifoi*m acid like* that which is obtained from chalk.’’ 

After this aerifoiiii acid has been removed the air becomes 
exactly like the air in which a metal has been cal(*ined, it is 
ail air which extinguishes flame and is unfit for lH‘ing br(*ar.lu‘d. 
This residual air since it would not support life Lavoisier 
propos(?d to call azotic air or azote;. When this azote was 
mixed, to the extent of ^th its volume, with air eminently 
respirable, dephlogisticated air (he did not as yet feel justified 
in using largedy his new term oxygiue), it became exactly like 
common air, tlie air <»f the atmosphere. 

He draws from his experiments the following physiological 
conclusion : 

“ Either the portion of the air eminently respirable con- 
taiued in the air of the atmosphere is can verted into aeriform 
“ calcic acid, or a change is effected in the lung by which on 
“ the one hand the air eminently respirable is absorbed, and on 
“the other hand the lung substitutes in its place in nearly 
“ equal volume a portion of aeriform calcic acid. I shewed 
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during Easter 1776 thcat air eininently respirable could be 
** entirely converted into aeriform calcic acid by the power of 
'‘charcoal, and in other ineinoirs I sh(»we(l the same fact by 
“ other means ” (that is to say, he had proved that Black’s 
fixed air was a compound of carbon and oxygen). This makes 
“ the formc^r of the two views jjossiblo. On the othei’ hand it 
is also possible that the air eminently nispirable combines 
“with the blood. We know that it is a ]>ro])erty of the air 
“eminently respirable to communicate :i red colour to the 
“bodies with which it combines, especially metallic^ substances, 
“as, for example, mercury, lead, and iron. May wo not conclude 
“that the red colour of blood is due to a combination of thc^ air 
“eminently respirable, or more exactly, as 1 shall .shew in a 
“memoir shortly to appear, to the combination of the base of 
“ tKe air eminently respirabh^ with an animal li<|uid, in the 
“same way that the red colour of r(‘d mercuiy precipitate and 
“nimium is due to a combination of tlie base* of tin? same air 
“with a metallh*. substatice ? For Bri<\stiey has shewji that 
“blood be<.‘omes red wlu^n <‘X|>osed to air (nninently respirable, 
“and (lark when exf)osed to ae]*if(»rm ealcic acid; in the latUu- 
“case becximing red again wlien (‘Xj)osod onc(‘. more to air 
“ eminently r(*spi iv.il )le. 

“ Wo may th(U’<*fore I'egard as })i<)Vi‘d, 

“1. R(iS]nrat.ion afiects only the. air (animuitly r(^s]>iral)le ; 
“ th<^ rest of the atmosphere, tin* mephith; part,” tln^ part which 
he .later called azote, “ remains unclianged. 

“2. d’he calcinat ion of metals in atmospheric air goes on 
“until the air eminently respir.abh.* (‘ontained in thi,* atmosphere 
“ is exhausted and combined with the metal, but will not go 
“ on afterwards. 

“ Animals shut up in a confined atmosplierc* succumb, 
“ so soon as they have al>sorbe(l or converted into aeriform 
“ calcic acid the greater part of tfu> respirable portion of tfio 
“ atmospheie, leaving a remainder. 

“4. This remaiifder is the same in calcination and in respi# 
“ration, provided that in the latter case the aeriform calcic 
“acid be removed; and in any case is reconverted into 
“ ordinary atmosjjheric air by adding to it air eminently 
“ respirable. 
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‘‘ If we augment or diminish in any atmosphere the quantity 
'‘of air eminently respirable, we augment or diminish the 
“quantity of metal which can be calcined in it, and to a certain 
“extent the time during which the animal can live in it.” 

Thus at a single stroke as it were did this clear-sighted 
inquirer solve the problem of oxidation, and almost, if not 
quite, the problem of respiration. He brought our knowledge 
of the latter process very nearly to its present condition. 

Yet he \vent still a step further. 

Three 3 ears later, in 17<S(), he and the great mathematician 
Laplace publisherl their celebrated memoir on heat. 

In this memoir these authors, after placing the theoiy of 
the heat of oxidation and combustion on a sound basis, after 
describing theii* methods foi* determining the heat given out 
during chemical action, the results which tiny obtained, and 
the conclusions to be dia ived from those results, applied their 
now views to <ducidate the cause of the natural heat of living 
bodies. 

As wo have seen, Mallei- left the problem of animal lieat in 
an unsettled condition. The chemical theories of its origin had 
fallen somewhat into disi (q>nto ; but the mechanical theory, 
that it was due to the friction of the blood in its rnoviiments, 
though favonrofl hy Haller did not seem to him to be whollj^ 
satisfactory. 

Black, besid(‘s discoviu-ing lixeil air, had prepaiod the way 
for the true theory of heat, by pointing out the distinction 
between latent and sensible heat, and haci introduced the ideas 
of capacity for heat and of .specific heat. In 1777-J> Adair 
Crawford pul>lished a theoiy of heat, based on Blacks views; 
a theory which, as ho put it forward, seems vague and hypo- 
thetical, but which at least has the merit of connecting animal 
heat and respiration in a wny which liad not been done before. 
His theory was as follows : 

Inspired air contains elementary hre, and meets in the lungs 
fvith the inflammable principle present « in the blood. The 
elementary fire leaves the air of the lungs to join tlie blood, 
the capacity for heat of whicli is increased. In the course of 
the circulation the blood again becomes impregnated with the 
inflammable principle by which the capacity of the blood for 
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heat is diminished. It accordingly gives up heat to the tissues. 
Thus in the lungs the blood discharges inflammable principle 
and absorbs heat, in the systmn it imbibes this principle and 
emits heat. 

It must be remembered that Black and Crawford, and 
indeed Lavoisier, regarded heat or caloj ic not, as wo now do, as 
a form of energy, but as a thing or substance whicdi (jornbined 
with the thing heated, a something whicli was the physical 
analogue of the chemical phlogiston. 

Very different from Crawford’s loose hypothesis is Ijavoisier s 
clear and succinct statement of the results of his ami Laplace’s 
experiments. Having ascoj tained the amount of lieat given out 
by the combustion of a given weight of carbon into what now 
began to be called not aeriform calcic acid but carbonic ac‘id gas, 
so Quickly did knowlerlge advance in these f(‘W [)regnaiit years, 
and having determined on the one hand how much carbonic 
acid was given out by, that is to say how mueli carb<in under- 
went combustion in the body of an aniinul during a given time, 
and oil the utln*!' liand how much heat was givaui out by the 
animal during the same time, tin? aiithoj-s found on comparing 
the results, that the hea.t given out by the animal was about 
the same as that given out by’ a (juantity of <‘a.jbon oxidized 
so as to produce the amount of carbonic acid gas (.•xpirc<l by 
the animal during the time. 

They thus felt justified in stating tlie following conclusion. 
“ Respiration is thendbre a combustion, slow it is true, but 
'"otherwise pei’fectly’ similar to the combustion of charcoal. It 
“takes place in the intei-ior of lung without giving rise to 
“sensible light because tlie matter of tlie tire (the caloric) as 
“soon as it is sot free, is ha-thwith absorbed l>y the liumidity 
“of these organs. The lieat dev(ilo[)ed by’ this combn.stion is 
“communicated to the blood which is traversirig' the lungs, 
“and from the lungs is distiibuted over the wliolo animal 
“ system.” 

A few years latai*, in 1785, Lavoisiei* was led to reoogniz^ 
that he had been in error in supposing that respiration was a 
combustion of carbon only\ In a memoir entitled “ Th() Changes 
undergone by Respired Air,” he made a careful quantitative 
estimation of the quantity of oxygen (or ' vital air/ as he still 



250 The Rise of the Modern [lect. 

preferred to call it, being unlike some other makers of new 
terms chary of using his now word, oxygine) which disjippeared 
when an animal was made to breathe a measured atmosphere of 
it for a given time. He also estimated the quantity of carbonic 
acid gas given out during the same time ; and knowing by this 
time the exact composition of carbonic acid, knowing how much 
oxygen was pr(‘sent in a given quantity of carbonic acid, he found 
that all the ox 3 ^gt‘n which disappeared did not reappear in the 
carbonic acid respirc'd. Some of the oxygen was used for 
something else tlnin the combustion of carbon and the pro- 
duction of carbonic acid. 

Now in expired air there was nothing present in measurable 
quantitj^ except carbonic acid and the substance known as water. 

Here 1 must go back a little. 

Van Helrnont found that his gas, of which, as seen in*gas 
sylve.stre, tin? conspicinnis featun? was tliat it would not support 
burning, though sometimes uninflammable, soinetinies caught 
lire and burnt. BoyU? in 1 072 recognized that the air or gas given 
off when metals were dissolved in acids was inflammable. And 
during the (ughteenth ci?nturv mention is from time to time made 
of factitious air, an<l of this air being often inflammable. Hales 
refers to it; and Haller speaks of factitious air, such as is produced 
by tlie action of a(‘ids on metals, and is rreqiu‘ntly inflammable, 
as being unfit for i es])iration, although it is elastic. As we have 
seen, Haller attributed much importance in respiration to the 
fact that air in bidng bi*i?athed lost its elastic power, and 
thought th(? ])ossession of cdastic power a ft?ature of respirable 
air; hence Ik? found a difficulty in i?lastic factitious air not 
being respirable. 

It is with (Javendisli however, and his experiments 
on factitious air in ITOfl, that our real, exact knowledge of 
inflammable factitious air begins; and when in 1781 he dis- 
covenxl the composition of water, this mj’sterious gas became 
henceforth known as lnjdro<jen. It was the last of the four 
phief physiological gases to be run to carUh. As we have seen, 
carbonic acid gas first laid hold of van Helinont in IG40 
or thereabouts, was more firmly grasped by Black in 1757. 
Nitrogen was first observed by Rutherford in 1772. Oxygen, 
prepareil hy Priestley in 1774, was lecogiiized by Lavoisier in 
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1775, and hydrogen was first made definite and clear by 
Cavendish in 1781. 

Thus in 1785 hydrogen was well known to Lavoisier, and he 
was able to draw from the quantitative coinpaiison of which 1 
have just been speaking the following important conclusion : 

“ Besides the part c-onverted into carbonic acid a ])ortion 
“ of the inspired vital air does not issue a.s it enters. There 
“results therefore one of two things; this part either unites 
“with the blood or combines (in the lungs) with a portion of 
“ hydrogen to fijrin water.*' 

Had Lavoisier stoppc'd here we should have been able to 
say not only that ho had in a most masterly manner solved the 
general problem of respiration, but that every jot and tittle of 
his work reln^)liruHl true and goorl foi* all time sinc(* his <lay. 
IIe*was however a little lat(*r on led into a fals(» ])atli. In 1700 
he published in conjunction with the physiologist Sequin a 
rnenioii' on “The Trans[)i ration of Animals.” In that memoir 
the authors give a luminous though briid' ex[K>sitiou of the new 
views which had beeji reached of the chemistry of tlui body. 
They explain how digestion snppli<‘S llu‘ hhuxl with the 
material for eoinbusti<ai. with carlion and hydrogon, how that 
rnateiial undergoes eoinbn.stioii, is oxidized by the risjnratory 
p)roci.*ss, thus giving f<»rtli heal, and how the ])ro<lucts of that 
combustion, water and carbonic a<nd, arc got rid of through 
the skin and lungs. 'I'hey clearly recognize that j>ai t only of 
the water thus thrown off comes from the. oxidation of 
hydn)gen, indeed a small part only, the rest being merely 
the water which servtNs as thc^ vehicle ol the stJid food. "I’he 
c.xpositiou is (piite a modern one save in one point. In tln^ 
discussion on the oxidation of respiration thme occurs this 
remarkable sentence, “one must kiu»w in the first ])lace that 
“there transudes into the bronchi a huni(»ur which is se<*ieted 
“from the blood and which is principally comf>osed of carb#n 
“and hydrogen.” 

The vievv put fowward is that the oxidation of the carboy 
and hydrogen supplied by the food takes place within the lungs, 
in the tubes of the lungs, as the oxidation of a hydrocarbonous 
fluid secreted into the tubes. 

Now Lavoisier was no anatomist, was not indeed a 
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physiologist, and in his other writings does not venture into 
physiological as distinct from chemical hypotheses. One can- 
not help suspecting that he was led astray into this wrong 
hypothesis by his more distinctly physiological comrade. 
However it be, the idea of the hydrocarbonoiis fluid laid hold 
of men's minds, and was accepted as an integral part of the 
new doctrine of respiration : accepted, but not by all. In 
the following year, 1791, llassenfratz, a chemist of some 
reputation, who had betiu assistant to Lavoisier, and was now 
assistant to the mathematician Lagrange, in a papci’ in the 
Aiinales de (Jhimie, ‘(In the combination of oxygen with the 
carbon and the hydrogen of the blood ; on the solution of the 
oxygen in the blood ; and on the manner in which caloric is 
set free/ expounds the following view of respiration as put 
forward by Lagrange: “ M. Lagrange rotlecting that if all 'uhe 
“heat which is distributed in the animal economy was set free 
“in the lungs, the t<‘mperatur(*. of thc‘ lungs would therefore 
“ necessarily be raised so much that one would hav^e reason to 
“ft?ar they would be destroyed, and that moreover were the 
“temperature of the lungs so much higher than that of other 
“parts, this fact could hardly have escaped observation, con- 
“ eluded aocoi-dingly with great probability that the heat of the 
“animal economy was set fjoe not in the lungs alone, but iu all 
“ parts of the body where the blood <?irculated." 

Lagrange supposed therefore that the blood iu passing 
through the lungs dissolvetl the oxygen of the inspired air, and 
that this dissolved oxygen was carried away by the blood into 
the arteries and thence into the veins, and that “ in the course 
“of the journey of the blood the oxygen little by little (piitted 
“ the condition of solution in order to combine in part with the 
“carbon and in part with the hydi'ogen of the blood, and so to 
“ form carbonic acid and water, wijich are set free from the 
“ venous blood so so(jn as thLs leaves the right side of the heart 
“ to enter the lungs.” And Hasseiifratz relates, in support of 
^jagranges view, experiments of his own on the changes in 
colour of blood when exposed to oxygen on the one hand, and 
to carbonic acid on the other; but these, which are in the 
main repetitions of Priestley's earlier experiments, do not 
amount to much. 
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It will be observed that Lagrange’s view is the modern 
view, except that we have since learnt that the oxidation 
takes place, not in the blood itself, bnt in the elements of 
tlie tissue outside the blood channels. Yet this view was not 
accepted by all, or even generally, t<>r some time. For many 
years Lavoisier’s view, or nither Secjiiin’s, held its ground. 
Even the hypothetical hydrocarbonous tluid was accept(‘d, 
though some, while still maintaining that the oxidation took 
place in the lungs, supposed that the carbon and hydrogen 
were oxidised while still in the blood of the pulmonary vessels, 
and did not need any preliminary s<'cr<*ti(>!i into the pulmonary 
pjissagcs. 

The acute Spallanzani, laying hold of Lav(jisieVs discoveries 
so soon as they were nuide known, devot(‘d much time during 
thft latter years of his life to numerous ex|)(U‘iments on tlut 
respiration of animals, both vertebrate and invei tebrate : the 
memoirs embodying the results which he laid ohtaiue*! were not 
published however until aftej- his death, namely in In 

addition to rriany valuable ol)ser\ations ;is to the eltV'Cts t>f cir- 
cumstances and eiivironm(‘nt, sucli as temperature, hyb(‘rnati()n 
and the like on the respiratoiy prot^ess, theses metiKurs craitain 
two fill' -reaching conclusions. The one is that the? tissues, like* 
the bo<ly as a whole, respire, that is to say consume oxygen and 
produce carbonic acid ; the other is that animals (snails) placed 
in an atmospluue of hydrogen or nitrogeji give out carbonic 
acid in the sanie, way that they do in common air. 

Those results l eally overthrew Lavoisier’s theory of a hydro- 
carbonous secretion; but they failed to produce their proper 
effect, oven wher» put forward in a. more complete form many 
years later, in 1823, by W, F, Edwards in his striking essay, 'The 
influence of physical agents on life.’ 1"he view that oxidation 
took place in the lungs, and notin the body generally, continued 
to hold its own, mainly for the reason that, owing to imperfcct 
experimental methods, the various attempts made to shew that 
Wood, as deniando(lby Lagrange’s theory, contained on the one 
hand oxygen and on the other hand carbonic acid gas, fell short 
of decisive results. It was not until 1837 when (lustav Magnus, 
making use of the mercurial air-pump, definitely proved that 
both venous and arterial blood contained both these gases, 
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though in different proportions, that the theory of respiration 
assumed the form in which wc now hold it. ^ 

Lavoisier made no reply to Lagrange ; and there were 
reavsons why ho did not. 

While (juite a young man, he had, against the advice of 
many of his scientific friends, become connected with the 
Fenne Genm^a), as adjoint tt> the Fermier Baudon ; and in 
the midst of his glorious scientific activity he had developed 
remarkable arlministmtive powers. He did notable work of 
tliis kind in conm?etioii with the Government manufacture 
of gunpowder. His last memoir on matters (jonnected with 
respiration, the (mo just mentioned as written with Seejuin, 
was read Ixdbrc^ the Acadoiu}' of Sciences in April, iVfiO. 'Jliis 
and other of his work liad been done in the midst of the 
earlier storm and whirlwind ol* the Hevolution. 

The storm was now thickening, the whirlwind was gi*owing 
wilder, the days of the great terror wiu’e coming on, and 
Lavoisier, and indeed] the Acadenny, began to have? enejnies 
among the sons of the j)eople. fn 1792 Fourcroy proposed to 
purge the Academy of those suspected of leanings towards the 
old order of tilings, lii 1793, the Convention sup[)ressed it. In 
those dark days Lavoisiei* laboured hard to hedp others in the 
work of sciemee, but in the tumult he found no opportunity for 
(|uiet researcli. And soon all opportunity was to be taken 
away from him foi* (n-er. 

The Convention uirest(Mi Lavoisier and his colleagues, 
and on May 1794, these were? put on their trial and 
condemned. Execution was swift. On the morning of May 
the 9th there |)assed in carts from the Conciergerie to the 
Place do la iU'v'^olution a processfon of men to meet their 
death. As the sliai’p stroke of the guillotine sevtu’od in turn 
the neck of the fourth of these, there passed away from this 
wcrrld, in his fifty-first year, this master miud of science, who 
had done so rnucli to draw a.side from truth the veil of mans 
ignorance and wrong thought, and there passed away too the 
hope of his drawing aside yet other folds of that veil, folds 
which perhaps wrap u.s round even to-day. 
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THE OLDER DOCTRINES OF THE NERVOUS 
SYSTEM. 

I NOW wish to turn to the views wliicli Imve bceu ht^ld 
in the past concerning the brain and the rest ot the nervous 
sysUari, and concerning the way in which by means of it 
sensation and niovonKuit are carried out. I (;annot do better 
than start with the views which were held by V(‘salius. 

VesaJius expourjds )iis views on the ncawous sy8l(uti as 
fol lows : 

“ As tluircfore tlie |)ovver of the vital soul (that is the sum 
''total of the vital spiiit. or the vital s])irit regard(?d a-s a whole) 
'■ is situated iu the substance* of the heart, an<J the power of 
" the natural soul in tlio proper substance of tho \\\vi\ an<I as the 
“ liver prepares the cruder blood toget her with the natural spirit, 
“and the heart the purer blood, which together with the vital 
“spirit rushes with s}>eed t.hrougliout tin* body, and as those 
“ viscera by means of the canals aliotte<l to them distributt? their 
“products to all parts of the body, so also tloes the brain in ap- 
“ propria to structures, and in organs jjroperly subserving its work, 
“ niaiiiifacture the animal spirit which is by far the brightest 
“and juost delicate, and indeed is a quality rather than an actual 
“thing. And while on the one hand it employs this spirit for 
“ the operations of the chief soul, on the othoi* hand it is 
“continually distributing it to the instruments of the senses 
“ and of movement ]^y means of nerves, as it were by cords^ 
“ the soul never being lacking in this spirit wliich may be 
“ regarded as the chief author of the activity of those instruments, 
“any more certainly than the liver and heart ever leave wholly 
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“destitute, at least in health, any of the' parts on which they 
“bestow their pro<lncts, although they do not always supply 
“them either in the same quantity or the same quality. 
“ Nerves therefore serve the same purpose to the brain that the 
“ great artery does to the heart, and the vena cava to the liver, 
“in as much as they convey to the instruments to which it 
“ ought to be sent the spirit prepared by the brain, and hence 
“may be regarded as tlie busy attendants and messengers of 
“the brain. 

“The material, however, for the animal spirit, is supplied by 
“ the vital spirit, abounding as this does in the arteries which 
“ in numei’ons series rea(‘h both the hard and the thin membrane 
“(dura mater and arachnoid) investing the brain, as also by 
“ the air wliicli in breathing is drawn in towards the brain, 
“on the one hand through the minute holes drilled in thcj wlxth 
“(or ethmoid) boiu? of the skull for the special purpose of smell, 
“and on tlie other haufl through those orifices in the skull which 
“ look .t(> wards the pn late, as we explained veiy eai'ly in this work. 
“And indeed air where it can find an entrance makes its w'ay 
“into the right and UTt ventricles of the brain, and into the 
“one which lies between these. This vital spirit, although we 
“ may regard it as being veiy abundant in all the vt>ssels and 
“ sinuses of the membranes of the brain is however chiefly 
“brought ii\to the right and left ventricles of the brain by the 
“ larger bninches of the artel•u^s which ai e (lircicLcd to the sides 
“of the gland reetuving the mucus of the brain (the pituitary 
“gland); offsets froTU the.se imbedded in processes of the thin 
“ membrane enttjr the lovvei* j)ai*ts of the right and left ventricle 
“and then make their way over their whole extent. But 
“ besides these arteries a particular vessel fiom tlie fourth sinus 
“ of the membrana dura, passing under the body which resembles 
“in shape a turtle or a chamber built in the form of an arch, 
“reaches the front part of the brain by the cavity which is 
“common to the right ami loft ventricles. This after several 
“flexures divides at length into two parti^, one of which passes 
“ to the right and the other to the left ventricle, and so joins 
“the arteries of that situation, forming a net which resembles 
“ the membranes of the foetus more than anything else. 
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‘'From the air which has thus made its way into the brain, 
*‘and from their vital spirit which on account of the numerous 
“flexures becomes more and more fitted for the use of the 
“brain, the animal spirit is by the special power of the brain 
“elaborated in the right and left ventricles, and in the cavity 
“ common to the two known as the third ventricle. A portion 
“(of this animal spirit) is carried from this third ventricle, 
“directed through the oblong channel (aqueduct of Sylvius) 
“between tlie bodies which resemble the nates and testes to 
“ the ventricle of the cerebellum (fourth ventrich?) which is 
“ formed by tlie sinus of the cerebellum, and pai-tly by the 
“cavity of the beginning of the dorsal medulla (spinal cord). 

“ From this ventricle no mean portion of the animal spirit 
“is directed into the dorsal medulla and into the nerves 
“springing froln it. From the othei* ventricles of the brain 
“ however the spirit is carried into the nerves springing directly 
“from them, and so to the organs of the sensi^s and voluntary 
“ movement. 

“ Meanwhile, we will not too anxiously discuss whether the 
“sjurit is carried along certain hollow channels of the nerves, as 
“the vital spirit is carried by the arteries, or whether it x)asses 
“ through the solid material of the nerves, as light passes 
“ througli the air. J>ut in any case it is thiough the nerves 
“ that the influence of the brain is brought to bear on any part, 
“so far I can certainly follow out the functions of tlie brain by 
“means of vivisections, with great probability and indeed truth. 

In his chapter on vivisections, he shews liow by cutting or 
ligaturing this or that nerve, yon can abolish the action of this 
or that muscle, or how having ligatured a number of nerves, 
by loosing now this and now that ligature, you can bring this 
and thfit muscle into action again, all shewing that tlie con- 
traction of the muscle is dependent tui its nerve. He mentions 
incidentally that 3’ou may divi<le a muscle lengthwise withoirt 
stopping its contraction, but if you cut it crosswise, yon do 
interfere in proportioy. to the depth of the cut. He shews that^ 
it is the nerve itself Avhich is the essential agent, and not its 
membranes, for you may remove the membranes without inter- 
fering with movement. He further shews that if you lay bare 

17 


F. L. 



258 


The Older Doctrines 


[lbct. 

the dorsal medulla (spinal cord), and cut it across, all the parts 
supplied with nerves leaving the medulla below the section will 
be deprived of sensation and movement. 

In the chapter on the brain from which we were quoting 
he continues thus: 

“ But how the brain performs its functions in imagination, 
“ in reasoning, in thinking and in memory (or in whatever way, 
“ following the dt^gmas of this or that man, you prefer to classify 
“or name the several actitnis of the cliief soul), I can form no 
“opinion whatever. Nor do I think that anything more will bo 
“ found out by anatomy or by the methods of those theologians 
“who deny to brute animals all power of reasoning, and indeed 
“all the faculties belonging to what we call the chief soul. For 
“as regards the structure of the brain, the monkey, dog, horse, 
“cat, and all quadrupeds which I hav(^ hitherto examined,' and 
“indeed all birds, and many kinds of fish, resemble man in 
“almost every particular. Nor do wo by dissection come 
“ upon any diflercnice wdiich would indicate that the functions 
“of those animals should be tjeated otherwise than those of 
“ man ; unless perchance anyoiui says, and that rightly, that the 
“mass of the brain attains its highest dimensions in man,wdiich 
“ we know to be the most perfect animal, and that his brain is 
“ found to be bigger than that of tliroe oxen ; and then in 
“proportion to the size of the body, first the ape, and next the 
“dog exhibit a large brain, suggesting that animals excel in 
“ the size of their brains in prop()rtion as they seem the more 
“o])enly and clearly to be emlowcd wdth the faevdties of the 
“chief soul. Indeed the more I examine the nature of the 
“heart, the liver, the testes, and the organs secondary to these, 
“ the functions performed by which are, there can bo no doubt, 
“the same in us as in other animals, and the more I persuade 
“myself that w'c ought not to draw conclusions concerning the 
operations of the chief soul, other than those taught b}- our 
“ most holy and true religion, the more I wonder at what I 
“ read in the scholastic theologians and the lay philosophers 
“ concerning the thi*ee ventricles with which they say the brain 
“ is supplied.'' 

And then he goes on to ridicule the view held by these 
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philosophers, namely that a front ventricle is the receptacle 
of sensations Ivhich, passed on to a second ventricle in the 
middle of the head, are there used for imagination, reasoning 
and thought, and that a third ventricle near the back of the 
head is devoted to memory. “ Of such a kind are the figments 
''of men whi) have never studied the handiwork of Oo<l the 
“ maker of all things as seen in the structure of bodies, but 
'‘ who take to themselves reckless opinions gathered from all 
"manner of sources, figments imagined surely not without 
“grave impiety. How wrong these are in their description 
“of the structure of the brain the following discourse will 
“ shew.’’ 

It is obvious that Vesalius took a distinctly physiological 
view of the origin of the chief soul. The cliief soul is to him 
the* totality of the animal spirits just as the vital soul is the 
totality of the vital spirits ; it is (;ngendered in the brain by 
"virtue of the powers of the proper material and form of the 
brain,” just as the vital soul is engendered by the substance of 
the heart; or as we should say in modern language, psychical 
phenomena are the outcome of the activity of the nervous 
tissues. And from the wny in which he Jiot once only but 
repeatedly scoffs at the philosophers who deny to brute beasts 
all the principal functions of the chief soul, though the brains 
of these are so like tliat of man, wo may infer* that he nursefl 
in secret the belief that future intjuiry wH)uld make clear the 
hidden meaning of the complicated structure of the brain, and 
shew how its several parts w'orc concerned in the different 
activities of the soul. But the time for that had not yet come. 
Even the preliminary step, an adequate psychological analysis 
of the faculties of the soul, Avas as in his opinion yet wanting; 
and he refused to waste his time in speculations, the conclusions 
of which could not be tested either by anatomical observation 
or by vivisectional experiment. He w^as clear that the sohI 
Avas engendered in and by the brain, but beyond that he knew 
next to nothing. Vivisection taught him that when the bi’ain^ 
is removed, sensation and moA^ement are lost ; but it taught him 
little more than this. He was not to be led into a quarrel wdth 
the Church, by indulging in speculations having no solid basis. 

17—2 
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“ And so the learned anatomist trained in the dissection of dead 
“ bodies, and tainted with no heresy, will readily underetand 
“ how little I should be consulting my own interests were I to 
“ lecture on the results to be obtained by the vivisection of the 
“ brain, which otherwise I would most willingly have done, and 
“ indeed at great length.’’ 

In this as in almost everything else which Vesalius wrote 
there is a wholly modern ring. We seem to be stepping 
backwards again when m^arly a hundred years later wo come 
to the views of van Htdmont and Descartes. 1 put these 
togethei*, for the sensitive tind motive soul of van Helmont 
and the rational soul of Descartes, tliough the latter includes 
van Helmont’s immortal mind, are alike in this that they are 
both outside and distinc't from th(‘ animal spirits, the activities 
of the nervous tissues themselves. That the seat of the ??oul 
is plac(}d by orui in the pylorus an<l by the other in the pineal 
gland is a matter of indifference. Tho. essential point of both 
views is that the soul is something addiM.l to, different from the 
men? results of the action of the tissues of the brain. This 
permitted Descartes to acce))t and make list? of the strictest 
physical conceptions of the nervous phenomena themselves. 

To Descartes the whole body was nothing but a machine 
who.se motive pow(ir lay in that heat which was innate in the 
heart though tV*d and sustained by the food carried to it in 
the blood; in tliis n?s])(‘ct he, rejecting the moderii doctrines of 
Harvey and others, followed the teaching of the. ancients. To 
him the whole b<.Kly was iiotlnng but a machine, in which the 
bh>od, heated and raroti<‘d in the heart, engend(u*ed “ the voiy 
“ subtle air or rather the very lively and pure tlame, called the 
“ animal spirits,” which in turn in that part of the machine 
called the brain and nervous system on the one hand carried 
out according to simple physical and mechanical laws all the 
rnovoments of the body in re.sponse to changes in the environ- 
ment, and on the other hand, by sn})plying the physical basis 
^for and by working on the rational souh^gave rise to modifica- 
tions of thought. 

Though he speaks of the animal spirits as an ‘air’ or a 
‘ wind ’ or a ‘ ffame/ yet throughout he treats them as if they 
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constituted a fluid, a fluid very subtle indeed and of a wholly 
peculiar iiatui4, but still a fluid and so far amenable to the 
physical laws governing fluids. It was in his time a doctrine 
daily gaining ground that the nerves wore tubes along which 
the animal spirits flowed. Laying hold of this doctrine and 
making use of some known general tacts of the topography of 
the brain and nerves, he constructs an ideal nervous niachino 
consisting of the brain as a centre and of nervous tubes radiating 
from this centre and carrying the animal spirits to all parts 
of the body. And, in order to make the exposition of the 
working of this machine clear and conviiicing, he does not 
hesitate to attribute to its various parts featiues which he 
describes as if they belonged to the common knowledge of 
the time, though neither he nor anyone else had actually 
seefi them. 

His exposition of the general working of the machine is as 
follows : 

"‘For you must know that the arteries which bring the 
“blood from the heart after having divided into an infinite 
“ number of small branches and having formed the delicate 
“ tissue which is spread like a carpet ovei* the floor of the 
“ ventricles of the brain, are gathered together round a certain 
“little gland which is placed about the mi<ldle of tlie substance 
“ of the brain, just at the entrance into the ventricles. And 
“these arteries have in this situation a large number of minute 
“ orifices through which the mon^ subtle j)articles of tlie blood 
“which they hold can flow into this gland but which are so 
“narrow that they do not permit any passage through them of 
“ the grosser [)articles. 

“ You must also kno^v that these arteries do not end there 
“ but, being gathered together again, several into one, tliey 
“ascend straight u^j wards and join the gi’eat vessel, which 
“ is like a Euripus, and wliich bathes the outer sui face of the 
“brain. And it must be noticed that the grosser particles of 
“the blood lose a gn^at deal of their agitation in the turns and 
“twists of the delicate tissue through which they pass, the mv:>re 
“so that they have tlie powei* to impinge on the smaller more 
“ subtle particles mixed with them and to transfer their move- 
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ment to these. But these more delicate particfes are not able 
“ in the same way to lose their movement, wich indeed is 
“increased by the movement transferred to them from the 
“grosser pai'ticles, since there ai'e no other bodies in their 
“neighbourhood to which the latter can so easily transfer their 
“ movement, 

“Hence it will be easily understood that these grosser 
pai’ticles, as they ascend straight up towards the outer surface 
“ of the brain where thej^ serve for the nutrition of its substance, 
“ bring it about that the more delicate and more agitated 
“ particles arc turned aside, and all enter into this gland, which 
“ must be regarded as a very full reservoir whence the spirits at 
“the same time flow into the ventriclcvS of the brain. Thus, 
“without any other preparation or change except that they are 
“ separated from the grosser particles and that they still retain 
“the extreme veUieity which the heat of the heart has given 
“ thtan, they cease to have the form of blood and are cnJlcd 
“animal spirits. 

“Now as these spirits enter thus into the ventricles of the 
“brain, so they jiass thence into the pores of its substance and 
“from these pores into the nerves. And according as they 
“ (inter or even only as they tend to enter more or less into 
“ this 01’ that ncii ve tiny have the power of changing the form 
“ of the muscle into which the nerve is inserted and by this 
“means of making the limbs move. You may have seen in the 
“grottoes and fountains which are in our royal gardens that 
“ the simple force with which the water moves in issuing from 
“its source is sufficient to put into motion various machines 
“ and even to set various instruments playing or to make them 
“ pronounce woi-ds accoj-ding to the varied dis[) 0 siti(>n of the 
“ tubes which convey the water. 

“ And indeed one may very well compare the nerves of the 
“•machine which I am describing with the tubes of the machines 
“of these fountains, the muscles and tendons of the machine 
“ with the other various engines and springs which serve to 
“move these machines, and the animal spirits, the source of 
“ which is the heart and of which the ventricles of the brain 
“are the reservoirs, with the water which puts them in motion. 
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“ Moreover breathing and other like acts which are natural and 
“ usual to the toachiiie and which depend on the flow of the 
spirits are like the movements of a clock or of a mill which 
“ the ordinary flow of water can keep going continually, Ex- 
“temal objects, which by their mere presence act upon the 
organs of sense of the machine and which by this means 
“determine it to move in seveml different ways according as 
“ the parts of the machine's brain are disposed, may be compared 
“to strangers, who entering into one of the gi-ottoes containing 
“many fountains, themselves cause, without knowing it, the 
“ movements which they witness. For in entering they 
“ necessaril}^ tread on certain tiles oi* plates, which are so 
“ disposed that if they approach a bathing Diana, they cause 
“ her to hide in the rose-bushes, and if they try to follow her, 
“tlfey cause a Neptune to come forward to meet them threat- 
“ening them witli his trident. Or if they pass in another 
“ direction they oc(^asion tlie springing forward of a rnai'ino 
“ monster Avho spouts water into their faces, or tilings of a 
“like kind according to the caprice of the engineers Avho 
“ constructed thorn. 

“Lastly, when the rational soul resides in rhis machine, it 
“has its principal seat in the brain and maybe compared to 
“the fouiitaineer who has to take his place in the reservoir 
“whence all the various tubes of these machines proceed 
“ whenever he wishes to set them going, to stop them or in 
“any way to change them." 

.Thus the pineal gland, “the little gland in the middle of 
the substance of the brain,” is the primary reservoir, and the 
ventricles of the brain form a secondary leservoir of the animal 
spirits, which flowing- from the brain along the tubular nerves 
carry out the movements of the body, the energy of these 
spirits being supplied by the innate heat of the heart. He 
explains in the following inanner the particular way in whjeh 
the working of this nervous machine is determined by the 
impressions of external objects. The nerves are not mere 
hollow tubes, provided with valvular arrangements by means of 
which the flow of the animal spirits outwards from the brain to 
the muscles and other structures is regulated; they contain 
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also within their cavities, delicate threads, fonaiing a sort of 
marrow, and these threads by centripetal actions determine the 
outflow of the spirits from the gland and from the ventricles 
into the nerves. 

‘‘ You see also that in each of these little tubes there is a 
“sort of marrow composed of a birge number of exceedingly 
‘‘ delicate threads starting from the proper substance of the 
“ brain.” (He explains elsewhere that the proper substance of 
the brain forming the walls of the ventricles is composed of an 
intricate network of these delicate threads, the meshes of the 
network being the pores or mouths of the tubular nerves.) 
“ The ends of these threads terminate on the one hand at the 
“internal surface of the bmin looking towards the ventricles, 
“ and on the other hand in the skin or other tissues in which 
“the tubes wdiich hold them end. But, since this marrow does 
“ not serv^e for the movement of the members ” (is not motor in 
function as we vshoiild say but seiisitivo only), “ it will be enough 
“at the present moment if you know that it does not wholly 
“ fill the tube which holds it so that the animal spirits have 
“ ample room to How readily from the brain to the muscles to 
“ which these little tubes, which ought hei‘e to be considered as 
“ so many little nerves, are distributed. 

in % Hk ^ 

“ Know then that a very large iimnber of little threads like 
“the above begin to separate all of them, the one from the 
“other, at the internal surface of the brain whore they take 
“ their origin, and spreading thence over all the rest of the body 
“ sei've as organs of sense. 

^(C- * * # 

“ In order to understand ho\v the brain can be excited by 
“ external objects which affect the organs of sense, so that all 
“ the members can be moved in a thousand different w^ays, 
“hnagine that the delicate threads, which as I have already 
“ said arise fnjin the inside of the brain and form the marrow 
“of the nerves, are so disposed in all those, parts which serve as 
“ the organs of any sense that they can easily be set in motion 
“ by the objects of tlie senses, and that, whenever they are thus set 
“ in motion, even ever so little, they, at the same instant, pull 
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“ upon the patts of the brain whence they take origin, and 
“by this means open up the oi-ifices of certain pores which 
“exist on the internal surface of the brain. Throuarh these 
“pores the animal spirits which are in the ventricles inime- 
‘‘diately begin to make their way and thus pass into the nerves 
“and wso into the muscles which carry out in the machine of 
“which we are speaking movements exactly like those to which 
“ we ourselves are incited when our senses are affected in the 
“same way. 

“ If for example fire comt's near the foot, the minute 
“particles of this fire which as you know move with great 
“ velocity, have the power to set in motion the spot of the skin 
“ of the foot which they touch, and by this means pulling upon the 
“delicate thread which is attached to the spot of the skin, they 
“ojfen up at" the same instant the pore against which the 
“delicate thread ends, just as b}^ pulling at one end of a I’opo 
“ one makes to strike at the same instant a bell which hangs on 
“ the other end.” 

According to Descartes then the movements of the body' 
viewed as ‘an earthly machine’ are bronglit a])out by that part 
of the brain which forms the walls of ventricles serving as 
centre where the play of sensitive impulses coinmiinicated l)y 
the delicate threads of tlie malTow of tlu,* nerves determines 
the outflow of the motor animal spirits along the tubular 
channels of the nerves. And making use of the physical 
propei'ties of the delicate threads on the one hand, and of 
the subtle but powerful fluid, the animal spirits, on the other 
hand, by the help by various devices such as valvular arrange- 
ments in the nerves, the existence of which lie takes for 
granted, he gives a detailed exposition of the varied working 
of the machine. He does not hesitate to assn mo the existence 
in the nerves of various physical pioperties and to explain by 
means of them various nervous and even psychical phonomeua. 
He finds for instance the physical basis for habit and memory 
in the following ; ^ ^ 

“ Consider also that an important feature of these delicate 
“threads is the property of being easily bent in every kind of 
“ way by the mere force of the spirits which |>ress upon them 
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“and of retaining, just as if they were made off lead or of wax 
“ as it were, the shape into which they were last thrown until, 
“ by some further action, they are made to assume a new one.” 

The ventricles of the brain however do not form the only 
reservoir of the animal spirits: another and more important 
reservoir is the pineal gland. This moreover is the only part 
of the brain to which is attached the rational soul ; this is “ the 
seat of imagination and of common sensation.” Through it the 
rational soul can directly bring about body movements and 
through it external objects are able to impress the soul. He 
developes a mechanical theory explaining how the movements 
of the spirits from the surface of the pineal gland are correlated 
to the movements of the sjjirits at the internal surface of the 
ventricles, the entrance into the pores of the latter affecting 
the outflow from the poros of the former, and gives an interest- 
ing exposition of how in the actum of external objects on the 
delicate threads of the nerv(‘s there is a double event, a primary 
event by whicli impulses from external objects “impress their 
figure” on the internal surface of the ventricles, and a secondary 
event b}^ which a corresponding figure is impressed on the 
surfkee of the pineal gland and so on the soul. The first, 
serving as a relay, is as we should sfiy a purely nervous, the 
latter a psychical, event. 

“ Not those figures which arc impre.ssed on the external 
“ organs of the senses or on the inner surface of the ventricles 
''of the brain, but only those which are traced in the spirits on 
“ the surface of the pineal gland can be considered as ideas, 
“that is to say as the foiins or images of which the rational 
“ soul will take direct cognizance, when, being united to the 
“machine, it imagines or feels any object.” 

And he takes advantage of the mobility of the pineal gland 
to offer a mechanical explanation of psychical phenomena. 
'‘jConsider moreover that the gland is composed of very soft 
“ material and that it is not completely joined and united to 
“ the substance of the brain but only ajjtached to the small 
“arteries (the walls of which are very loose and flexible) and 
“ that it is kept balanced by the force of the blood which the 
“ heat of the heart drives towards it. Hence it needs very 
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little to detertniine it to incline or to lean now on this side, 
“ now on that, and to bring it about that in leaning it disposes 
“the spirits which issue from it to direct themselves towards 
“ certain parts of the brain rather than towards others.” The 
rush of spirits determined by the action of the impression of an 
external object makes the pineal gland lean on one side, the 
result of which is that, the disposition of its pores being changed, 
these on the one hand permit a freer outflow of certain spirits 
“so that the idea which these spirits form becomes m<u*e 
“ perfect,” and on the other hand hinder the issue of other 
spirits, moved liy some other object “ so that you see, lujw 
“one idea prevents another being received.” 

In anticipation as it were he rejects beforehand the views 
which wtu'o later on brought forward by Stahl. Putting a.side 
theVlirect actions of the rational soul, all other vital phcnomeiia 
are the results of pure machinery ; he admits no necessity to call 
in the aid of spiritual agencies to explain these; they are to be 
explained like all other pliysical plionomena of the universe, by 
the aid of the now mechanical philosophy. 

This is what he says: 

“ All the functions of the body follow naturally from the 
“sole disposition of its organs just in the same way that the 
“movements of a clock or other self-acting machine, or auto- 
“ maton follow from the arrangement of its weights and wlieols. 
“ So that there is no reason on account of its functions to 
“conceive that there exists in the*, body any soul whether 
“ vegetative or sensitive, or any principle of movement other 
“than the blood and its animal sjurits agitaterl by the heat 
“of the fire which burns continually in the heart and which 
“does not differ in nature from any of the other fires which 
“are met wdth in inanimate bodies.” 

The prerogative of the rational soul is thought ; the seal 
understands, wishes, imagines, remembers and feels, for all tht^se 
are modes of thought ; everything else is the work of the bodily 
machine, sometimes jictuated by the soul but sometimes not ; and 
the soul always acts through the machine. “The soul can call 
“forth no movement in the body unless all the corporeal organs 
“needed for the movement are properly disposed. On the other 
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“hand when the body has all its organs propel ly arranged for 
“a pai*ticular movement, it has no need of the kSOuI to carry 
“ this out. Hence all movements except those which we know 
“ to depend upon thought ought not to be attributed to the 
“ sold but to the more disposition of organs, and even the move- 
“ merits which we call voluntary depend principally on the 
“same disposition of the organs (though it is the soul which 
“ is the determining cause) since without such a proper 
“disposition we cannot caiTy them out, how^ever much wc 
“w’ill to do so. Because the movements cease when the body 
“dies and the soul cjuits it, we must not thei'efoi*e infer that it 
“is the soul which proiiuces them, since it is one and the same 
“cause which on the one hand renders the body unfit to produce 
“the movements and on the other hand leads the soul to quit 
“ the body.’^ 

If w^:? judge Descartes from the sover*o standpoint of exact 
anatomical knowledge, we ar'e bound to confess that ho, to a 
large extent, intiodiuuxl a fantastic and unreal anatomy in 
order to give chxirness and point to his exposition. From this 
stand])oint we cannot consider him as contributing to the 
progress of })hysiology ; he stands in this respect wholly aside 
from Harvey or from other men of whom wu? ai’e about to speak. 
On the other hand, however*, wx* must admit that he did succeed 
in shewing that it was possible to apply to the intei*pretation 
not only of the physical but also of the psychical phenomena of 
the animal body, the same method which was making such 
astounding progress when apj>lied to the phenoniena of the 
matei'ial w'orld. And indeed a vei'y little change in the details 
of Descartes’ ex})ositiun and some of that hardly more than a 
change in terminology would convert that exposition into a 
statement of modem views. If we I'oad betw^eeu the lines 
wdiich he wr*ote, if we substitute in place of the subtle fluid 
the animal spir*its, the molecular* changes wdiich we call a 
nervous impulse, if wk] r eplace his system of tubes w ith their 
valvular arrangements hy the pr*esent system of concatenated 
neurons, whoso linked arrangement determines the passage and 
the effects of th<* nervous impulses, Descartes’ exposition will 
not appear so wholly different from the one which we give to-day. 
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Descartes \tas a philosopher, not a physiologist. He t(jok 
interest in the •problems of the living body only so far as they 
bore on the greater problems of the why and tho wherefore of 
the universe. He entered into the details of vital functions 
and mingled in the controvei'sies concerning them incidentally 
only, with the view of establishing or .supporting his philo- 
sophical position. We must now turn back again to the 
physiologists proper. 

Though Malpighi as we have seen devoted much attention 
to the histology of the nervous system, we find in his writings 
very little concerning its functiorrs; and indeed an inquiry of a 
kind which must sooner or later lead the investigator into 
baseless speculations, and, at that time at least, any research 
into the properties of the nervous tissues sr‘em(‘d to be such, 
was* wholly uncongenial to the character of his mind. Nov did 
this part of physiology appear to offer great attractions to many 
of the other men of the seventeenth century who witc devoting 
themselves to exact anatomical and physiological r<.‘.soarch. 
One man alone perliajis during this century stands ont promi- 
nently for his labours on the .structure aiid functions of the 
brain, namely '^rhomas Willi.s. 

Korn at Great Bedwyn in Wiltshire on Jan. 27, 1G21, 
Willis was educated at Oxford, where he took liis M.A. degree 
in lf)42. Remaining at Oxford, he was led in while 

that city was “garrisoned for the King,” fA) employ his enforced 
leisure in the study of physic; and he eviuitually took up the 
profession of medicine. An enthusiastic royalist and staunch 
churchman, ho was rewarded, ujMm the Restoration, by bedng 
made Sedleian professor at Oxford ; and for some years he was 
active there, practising hi.s profession, fulfilling t^he duties of 
his chair, and pursuing scientific researches. He was con- 
spicuous among the band of men, who in those yeais laid at 
Oxford the foundations of the Royal Society. In 100(1 howe^ier 
he moved to London, “ w-erit,” says Wood, “ to the city of 
“Westminster, took^a tenement in Saint Martin’s Lane, and in 
“a very short time after he became so noted and .so infinitely 
“ resorted to, that never any physician before, went beyond him 
“ or got more money yearly than he. At length after a great 
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“deal of drudgery that he did undergo in his* faculty (mostly 
“for lucre sake) which did much shorten his life, he concluded 
his last day in his house in Saint Martin s Lane afore nien- 
“ tioned on the 11th day of November 1675.” 

Willis was not like Descartes a philosopher, and indeed was a 
man of a wholly difteront order; but he possessed what Descartes 
did not, a practical knowledge of the details of the structure 
and functions of the bod}" and especially of the brain in health 
and disease. His work on the brain, by which our knowledge 
of cerebral structures was advanced far more largely than is 
indicated bj" the mere addition to anatomical nomenclature of 
the term ‘ circle of Willis,’ became a classic work. The value 
of the book is indeed much above the worth of the author. 
Willis himself acknowledges that in his researches on the 
brain ho was much assisted by liichard Lower; and Wood 
speaking of Lower says, “ Willis whom he helped or rather 
instructed,” Lower as we have alro'ady seen was a real 
man of science, with a clear penetrating mind, with a 
gennine love of truth for truth’s sake, a worthy mate of 
Boyle, of Hooke and of Mayow. Willis was of a rliflerent 
type; love of truth was in him less potent than love of 
fame. Mi.xing with and mdee<l in daily intercourse with the 
band of exact intjuirers, who at Oxford and in London wx^re 
striving to establish the new philosophy and advance by 
experiment natural knowdcdge, Willis caught up their phrases 
and thinking himself one of them, attempted to expound in 
their fashion the physiology of the nervous system. But his 
method, when he w^as left to himself, and deprived of the aid 
and guidance of Lower W'as, in reality, w^holly diliercnt from 
theirs. They made exact observations and careful experiments 
and, guided by the dry light of reason, drew conclusions with 
caution, and expouruhid them witli brevity, using words only as 
eypressing the meaning of things. Willis’s mind w^as of the 
rhetorical sort, he loved w"ords sis words, looked upon an 
illustration as an argument, and wdien he cjiscovered an analogy 
thought he had found a proof. Hence wdien we come to 
examine the viow"s which he put forward, we find that while 
they are expounded with a certain philosophic air which perhaps 



271 


x] of the Nervous System. 

goes far to explain the influence which they had in their time, 
they do not themselves form any real solid contribution to 
knowledge. They are indeed to a large extent the views of 
Descartes, modified by more exact anatomical knowledge, oc- 
casionally by sound physiological deductions, in which we may 
probably trace the influence of Lower and other of Willis’s 
contemporaries, but chiefly and especially by certain conceptions 
and certain modes of expression which api)ear to be entirely 
Willis's own. 

He admits with Descartes that man pr)ssesses a rational 
soul, an immortal, incorporeal soul, but that, putting nside 
everything which is duo to the direct activity ot‘ this rational 
soul, the nervous as well as the other phenomena both of man 
and of animals may be regardtid as the ])heuomena of a 
corporeal machine- While, liowever, Descartes makes it his 
first object to prove that the body of man is, in this way, a 
machine, and that all known physiological phenomena may be 
adetjuately explained on this hypothesis, and has a secondary 
interest in physiological problems as such, caring for them only 
so long as they illustrate his thesis, Willis is especially con- 
cerned with these same special problems and in no case dwells 
on. Descartes* main thesis. 

Descartes speaks only of the animal spirits, acce]>ting off- 
hand, as we have seen, the old views coiicerniug them, hut 
treating them from an exact physical point of view. Willis, in 
his rhetorical way, speaks of these animal s])irits as constituting 
part of a corporeal soul, to whose activity are due the nervous 
phenomena of man and the higher animals ; and he is (‘speiaally 
concerned with the features and mode of action of this <iorj)oreal 
soul, this soul of tlie mere machine. He puts i'orward the 
view that this corporeal soul consists of two parts, oiuj residing 
in the blood, the other in the l)rain and nervous systtuu ; and 
he believed that he had made a great discovery in recognizing 
the exact nature of these two parts of the soul. As I have said, 
Willis's mind was of that s«u*t whicli when it has hit on an 
illustration or discovered an analogy, thinks it has found a proof. 
Ami the great discovery was simply this, that the part of the 
soul residing in tlie blood was of the nature of ‘ fiame,' and 
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the part residing in the brain and nervous system was of the 
nature of ‘ liglit/ This is what, in his rhetoricabway, he says : 

‘*Tho corporeal soul common to man and the higher animals, 
“ while it extends over the whole organic body and vivifies, 
“ actuates and irradiates every part, both tissues and humours, 
‘‘yet iseoins more eminently to subsist in two of these, and 
“ to hold them as its impei*ial seats as it were. These subjects 
“of the soul are on the one hand the vital fluid, the blood, 
“ circulate<l in a perpetual round in the heart, arteries and 
“veins, and on the otlior the animal fluid or nervous juice 
“streaming gently tlnough the brain and its belongings. Both 
“these provinees the soul inhabits and adorns with its preseitce, 
“but since the whole soul cannot be in both ])rovinces at the 
“same time, it is as it were divided, it actuates each j)rovince 
“by its appropriate lialf. One of its lialves, since it is a.«' we 
“ have shewn of the miTiire of fire, glides ijito the blood after 
“the fasliion of a lighted fiame, while the other half seems 
“diffused througli th(‘ animal ff\iid after the manner of light, 
“like th(,‘ rays of light emanating from that flame, rays wliicli, 
“ taken up by the brain and the nerves as by diopiic glasses 
“and manifoldly reflect(‘d or refracted, form various figures 
“ according to the workings of the animal ficulties. 

“The animal soul therefore, corresponding to its dual chief 
“ functions in the aiiim.al body, consists of two distinct parts, 
“ namely, flame and light; for as regards the functions called 
“ natural, those are in truth only involuntaiy animal functions 
“and are caij-ied out by the aid of animal spirits.” 

He devotes a special treatise to prove that the blood 
is aflame, is burning, that a flame exists i?i tlie blood. 
He liad, as I have said, many sound physiological views. 
He says of the hlood : “ The functions of tlie blood at 
“ least in the higher iiniinals are diverse and manifold. 
“Jt instils into the brain and nervous system materials 
“for the animal spirits, it provides nutritive juice for the 
“ various tissues, it supplies the elastic link to the motor 
'‘structures, ajul besides secretes variou.s residues and effete 
“ particles, and deposits them in the appropriate emimc- 
“ tories.” Nor can even modern physiology find fault with 
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the following ftrguineiit. “ The following three things are 
“ especially essential requisites for the maintenance of aflame. 
“ In the first place a free and continuous access of air must be 
‘billowed to the flame so soon as it is lighted. In the second 
“place the flame must enjoy a constant supply of sulphureous 
“ (combustible) )natorial. In the third place the products of 
“ the flame whether gaseous or solid must be continually 
“ removed.” All these (renditions are met with in the body. 
Fresh air is supplied by bieathing, sulphureoiis material is 
furnished by the food, t^nd the jiroducts of the flame in the 
blood are removed by (rxeretion through the skin. 

He naturally flnds a difliculty in the fact that the flame of 
the blood i.s not visible; but this difficulty is not insuperable. 

But indeed the bhxxi might he actually in flames and yet 
“th« light of it, on ac(X>uut of its tinniity, miglit not be visible 
“to our eyes. We know that in the clear light of day we 
“can see neither re<l-hot iron nor finiflies, in>r igties tatui nor 
“ (pliosphorescent ) rotting wood, nor many other tilings which are 
“visible at night. Why then should nob the vital tire, much 
“lightm* than any of the al)ov(.% escaptr our vision : Moreover 
“sometimes warm-blood(Ml animals are wont to emit a visible* 
“flame or fire at night only. For instance we have knowm 
“certain folk endowed with a warm and va[)orous l>lood who 
“in the evening when on going to bed tlioy take ofl their 
“ underclothing near a fire or a candle, have emitted a very 
“delicate and shining flame whi(di lit up all tlie lower parts 
“ of their body. The cause of the above semns to be the sann^ 
“as that by which a torch just put out and still smoking is 
“relighted by tlie merest trifle, shewing that a kind of flame, 
“ the root of the one outside, lay hid in the torch. For the 
“same rcfxson again the coats of horses, mules, cats and other 
“warm-blooded animals, wh*3ii rubbed give risij to sparks which 
“ in the dark may amount to a really conspicuous light.” Ami 
lie goes on to quote the case of “an ingenious man with an 
“ active brain who said that after an extra good bout of wine 
“ he could sec to read print clearly on a very dark night.” 

Willis, as the above shews, had no great critical power in 
judging the value of evidence, and ho was led to this idea of 
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the flame of the blood, more by the force of tht^ simile than by 
reasoning on facts ; nevertheless, as the pupil of ,Harvey and as 
a comrade of the clieinists of the day, he had laid hold of the 
view that the heat of the body is the heat of combustion, and 
in this respect Wfus far above the ohl idea of the heat innate in 
the heart to which Descartes clung. He rejects this old idea 
in the Avords, “ The heart gets its heat fi-oni the blood, not the 
“ blood froiTi the heart.” 

Having satisfied himself that the active properties of the 
blood, the vital spirits of the old teaching, are of the nature of 
flame, the same trust in the force of i I lustration led him to 
maintain that the acdive properties of the nervous systcun, the 
animal spirits, were of the nature of light. 

“Although it is elc^ar enough that siudi spirits are the 
“causes of animal functions and constitut(^ tht^ basis of tlie<soul 
“itself, nevertheless it seems v(*rv difiicailt to explain what they 
“are in their own })rop(n* essence, si ium? scarcely anytliing occurs 
“in Jiature witli Avhich in all respects they comparable. 
“The coin])arison of these with spirits of wine, of turpentine oj* 
“of hartshorn, and the like, is by no means suitable. Besides 
“ that these chemical licpiids neither re|)r(^seiii- the images of 
“objects, nor exi.Tcise any (dastic forci^, as do the animal spirits, 
“ they are moreover loss subtle and volatile than these, since 
“ th(?y can be poured or distilled from oiu? vessel into anothiu*, 
“Avhereas the animal spirits, vanishing <lir(ictly that life is 
“extinct, leave no trace of themselves behind. Wherefoi*e we 
“may far inon^ rightly, according to our hy[)^)thesis, say that 
“ these spirits, emitted from the flame of the l)loo<l, are like rays 
“of light, at least these joined Avith those of wind and air. For 
“just as light is moulded to the impressions of all visible things, 
“and air is moukhirl to the impressions of all audiidi*. things, so 
“the animal spirits receive? the images impressed on them, not 
“ pnly of the above, but also of odours and all tangible qualities, 
“ and deposit them in the common sensorium. But the air or 
“aerial particles, so long as they are free , and un mixed, create 
“no rush or tumult, yet when closely confined in clouds, oi* in 
“machines, or brought into contact Avith sulphurous and other 
“ elastic corpuscles, being forthwith made wild, burst forth into 
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often dreadful meteors, namely winds, whirlwinds nnd thunder, 
“ In the same way the animal spirits, so long as they are pure and 
“ arc carried in the open sj)aces of the brain and its appendages, 
‘'behave traiKpiilly enough, but when shut up within muscles, 
“and these permeated with sulphurous particles from the blood, 
“and sometimes with heterogeneous matter in other phices^ 
“ become exceedingly impetuous, that is elastic, or spasmodic/' 

Though he hugged this idea of the animal spirits, the basis 
of the corporeal soul, being of the nature of liglit, Willis was 
no physicist. He caught up the phrases of his fruaids, Bo^de 
and others, without understanding them, and when he conu's 
to explain norv^ous phenomena, lie mixes n]) the pro|>erti(‘s of 
light with other ])hysical phenomena, and indeial with (;hemi(\‘il 
phenomena. Jle speaks of the lighter, more spii-itiioiis parts 
of rfho blood, as asceiifling by the caiotid and V(‘rtel)ral arteries, 
and as being distilled in the brain, and so prepared, as in a 
chemical operation, into animal spijits. Tliese animaJ spirits 
arc prepan^l iii the cerebrum aiid cercd>ellum aloue, in the 
cortex of each, and themee diffused over the wholes nervous 
system, 'riiere ixvo different kinds of animal spirits; th()S(' 
prepared in the cerebrum are destined for voluntary movement 
and sensation, tliosc^ in the ecaxibellum for involuntary move- 
ments, for the beal^ of the heart, respiration and the like. 
These, latter are sinijile, and have not the diversity of voluntary 
movements, lumce the folds of the cerebelluin, unlike tho.se of 
the cerebrum, are all alike. 

When, however, he discusses what we may call the general 
pht'nomona of ncawous action he has recourse? to the physical 
phemomeiia of fluids. The animal spirits peivadi? the whole 
nervous system, but in a special way. The nerves are not 
tubes along which the spirits flow, l>ut solid fibres, and the 
animal spirits pass along tliein as spirits of wine ];>ass along the 
stretched dry strings of a fiddle. This is liow he explains 
nervous action : 

“The internal ajd immediate efficient cause both of semse 
“and movement is furnished by the basi.s of the sensitive soul, 
“that is to say, by the animal spirits instilled into the brain 
“from the blood which is alight, and thence diffuseil into the.' 
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“ nervous system. These, being distributed by thb brain, as from 
“ a fount, along the nerves over the whole body, imbue, irradiate, 
“and fill all parts, inducing in each a certain tenseness. So 
“that the ducts of the nervous structures, like cords lightly 
“strung, are extended from the brain and its appendages in 
“ every direction to all peripheral parts. And these are so strung 
“ and so actuated by a certain continuity of the soul (the corporeal 
“ soul), that if either extremity be struck, the blow is forthwith 
“felt throughout the whole. Hence any intention conceived 
“ within the l)rain immediately carries out the purposed work 
“in the propej- member or part, and vice versa, any impulse or 
“ blow whicli is inflicted from without on aiiy member or sensitive 
“ oigan is imTno<liaiely communicated I o the brain. When the 
“ impression or impetus ])asses outwards from the brain along 
“the nerves to motor sti uetiires, movement is produced. If on 
“ the other hand the iinpri'ssion start<?d from without is carried 
“inwards towards the brain, sensation is the result. While 
“either of these is taking place, we must not suppose (as is 
“cojiiinonly stated) that the same spii its rush at once from ont3 
“ goal to another as in a race-(*.oiirsi^ or eircnis, and then rush 
“back again: but simxi the soul by reason of a (tertain coii- 
“ tiniiity is expanded over the whole, and its particles, that is 
“to say the sjiirits, are arrang(^d touching each other, drawn up 
“as it wen? in line, so these, in military fashion, perform their 
“ functions, keeping their ranks without leaving their stations, 
“and whether anunged in active fighting order, ov passively as 
“a mirror, themselves immobile, on the one hand obey the 
“ c<anmaiids of the brain sent down from witliout, and so bring 
“about movements, or on the other hand, pass straight on to 
“the brain the message impress(?d on them by the sensitive 
“structures, and thus give rise to sensation. So the same 
“animal spirits bring about both moyemeiit and sensation, by 
“ t'htJii’ own opposite and inverse disposition and aspect.” 

And ho explains diversity of functions by the argument, 
“that it does not seem contrary to reason to suppose that 
^‘within the biisis of the sensitive soul and indeed wdthin the 
“same part of it, certain s})irituous particles may be in move- 
“ merit while othoi*s remain at rest.” 
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In the aboVe Willis may be regairlocl as dimly striving to 
explain nervous phenomena on the hypothesis of a specific 
nervous fluid, possessed of pc^culiar properties, a kind of fore- 
shadowing of an electric fluid. But whe^n l)e comes to explain 
the functions of the several cerebral structures he falls back on 
his hypothesis of nervous action being light, or rather he falls 
back on his illustration of light. 1'hough the btisis of the 
sensitive soul, namely the animal spirits diffused through the 
whole nervous system, is a physical, (‘lastic fluid, th(? impres- 
sions on it which are developed into sensations are no longer 
regarded as impulses, as in the passage which I quoted just 
now, but as optic imagi^s. 

The impressions made upon the sensory nervt^s by all 
external objects pass through the middle parts of the brain, 
thiftugh the crura cerebri to the (‘.orpora striata-, thence to tlM.' 
coi’pus callosum and so to the cortex. This is what- he says : 

“ As regards the various functions airfl duties the spirits 
“thus arranged in s(‘pa.rate provinces, in the first place w(i allot 
“to them a twofold h*al ure, om- by which they work inwards 
“to carry on sensa,tion, another by whicli they work outwar<ls 
“to carry on movenuait. More particularly it seems allowable 
“ to conccuvo of the middle r<*gions of the brain as constituting 
“an inner chainlier of this soul fitted with dioptric mirrors, 
“as with windows.' The picl-un*s or images of all sensible 
“ things admitted into ih^^se st.^cnjt plafu^s by means of the 
“ducts of the nerves, as by nu‘ans of tubes or narrow ojienings, 
“ first pass through the corpora si.riala, which s(‘Tva\s the purpose 
“of an objective glass, and then are nqnesontcal on the eorpus 
“callosum as on a whitened wall. And so the things which 
“give rise to sensation induce perception and a certain imagi- 
“ nation. Th(?se images or pictures thus formed th»u’0 wry 
“often produce nothing but the mere knowledge or sensation 
“of the object, but presently or at times having passed on,, as 
“it were by a second undulation from the corpus callosum 
“ towards the corbo^^ of the brain, and being stored in its folds, 
“give rise to the memory of the thing, though the mere image 
“ vanishes. But if the particular sensation irnpr(\sscd on the 
“imagination gives promise of something good or evil, forth- 
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“ with the spirits being excited, look back uporl the object by 
whose impulse they are set in motion, and fix* the sake of 
“ laying hold of it, or of driving it away, very quickly delegate. 

to other spirits flowing along the ducts of the nerves, and so 
'‘on to other spirits of the menibers and of the motor parts, 
“ occupying their proper places, the orders to carry out the 
“ appro j)riate movements, 'i’hus sense gives rise to imagination, 
“ this to memory or to impulse, or to both of them, and impulse 
"finally gives lise to local movements, which bring about the 
" pertorinanee or the avoidance oftlie apparent good and evil.’’ 

Thus all sensory nerves carry their impulses (as we now 
call them) to tlie corpora striata, which Willis repeatedly 
speaks of as the sensorium commune, the common seat of 
sensation, and produce further effects, first in the coi’pus 
callosum and then in the cortex. The same path is taken 
in the reverse direction by the motor impulses started by 
affections of mind. l'hes«* also jiass by the corpora striata, 
which Willis ap])eai*s to have ree.ognized as important organs 
no less of moveUK'iit than of sensation; and his medical 
experieiKio enabled Jbim in many cas(js to connect disease in 
them witli the symptoms of paralysis. We may add in passing 
that the same experience, as well as the results of his 
anatomical researches, led him to supjioso that the optic 
thalamus wa.s (ispecially connected with sight. 

1 must not liowever tarry longer on Willis and his views; 
yet 1 caniuH refrain from (pioting one more passage which on 
the one hand shews that he had dimly laid liold of the modern 
doctrine of leHex action (and indeed other passagcis show this), 
and oil the other hand illustrates the difliculty which he met 
with in explaining all the phenotnena of brute beasts by the 
mere jiossessiuii of a material corpori'al soul in the absence of 
that rational soul which belonged to man alone. 

* " V\^o may admit that the impression of an object, driving 
"the animal s|)irits inwards, and modilyiiig them in a certain 
"^peculiar manner, gives rise to sensation, ^ and that the same 
" animal spirits in that they rebound from within outwards in a 
" reflected wave as it wore, call forth local ntovements. We have 
" not, however, ixs yet stated how this soul or some part of it 
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'' perceives that^ it feels, smd in accordance with perception 
“is driven into various passions and actions, is turned to the 
^'desire of this or that object, and sometimes, as we may at 
“ times observe in certain beasts, in following up the thing 
“ sought for, enters upon and carries out acts which seem to 
‘"have no other source thixAi judgment and a certa/in deliberation, 
“ Of course in man we cn,n leadily understand that the rational 
“ soul, the governoi- as it were, looks upon the images and 
“impressions presented to the rational soul as to a mirror, 
“ and according to the conceptions and notions tluis derived 
“exercises the acts of reason, judgnietit and will. In what wa}^ 
“ however in brute beasts, perception, tlie discrimination of 
“ objects, desire, memory and other forms of so to speak lower 
“reason, are carried out s<^ems very difficult of explanation/'* 

•Williss views did not escape severe criticism on the part of 
bis contemporaries and even of his friencls. John Mayow’s 
strictly scieritific spirit led him to apply to Willis's rhetorical 
expositions the following woi’ds : 

“ We have no need of I know not what vitnl Hame by whose 
“detiagi’ation the whole mass of the blood is heated, the heart 
“living like a salainander untouched in the midst of the flames. 
“ Much l(‘ss are wi* to suppose that such an intens<.‘ fuiatJng of 
“the blood takes place as f.o be strong enough to give rise to 
“ light, the rays which, tiansmitted to the brain, arti to 
“be thought to form the sensitive soul.” 

2 Vnd again, 

“ As regards this lucid soul wliich dwells in the brains of 
“animals, 1 ask liow it comes about that the light which is 
“supposed to illuiiiiiK^ the whole brain and all the nerves can 
“never be seen b}^ the eye? Assuredl}^ Fires of this kind and 
“New Lights no less in Anatomy than in Religion appear to 
“ mo things wholly vain and fanatic.” 

The gifted Stenseii also, in the I’cmarkable lecture “On 
the Anatomy of the Rrain,” to which I have already referred, 
criticised very seve/'ely the views both of Descartes and of 
Willis. The burder) of the lecture is that the anatomy of the 
brain is, for technical reasons, the most difficult part of all 
anatomy, and that, in spite of all that has been done, our 
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knowledge of tlie real nature and disposition of *the elements of 
the nervous system is most meagre. 

“There abounds indeed a ri(;h plenty of men to whom 
“ everything is clear. Such, dogmatizing with the utmost 
“confidence, make up and publish the story of the brain and 
“the use of its several parts with the same assuredness as if 
“ they had mastere<l Avith their actual eyes the structure of so 
“admirable a machine and penetrated into the secrets of the 
“great artificer.” Stensen perhaps especially directed this 
sarcasm against Descartes, whose merit as a philosopher, 
however, as w(; have seen, he duly recognised ; but he doubt- 
less had in his mind Willis also, with whose mere anatomy 
moreover he found fault, complairung of his figures as being 
inaccurate. 

Stensen refused to admit, in face of the lack of all scfund 
anatomical knowl(‘dge, any physiological deductions whatever. 
After pointing out a number of cases in which he shews that 
adequate anatomical knowledge is Avaiit/ing, he says, “ whence you 
“ may guess how little trust is to bo put in explanations based 
“on such a futile foundation.” “I have said nothing of the 
“use of parts, nothing of the actions which we call animal, 
“since it is impossible to explain the movimients carried out 
“by a machine, so long as we remain igm)rant of the stnictiiro 
“ of its parts.” 

After pointing out tln^ great difficulties Avhich attend the 
dissection of the brain and especially all attempts in such 
tender sti'uctures to follow out the course and connections of 
the strands of fibi*es and other parts, he delivers himself of 
this pregnant passage r 

“If indeed the white substance of which I am speaking 
“be, as ill most places it seems to be, wholly fibrous in nature, 

“ we must necessarily admit that the arrangement of its fibres 
“ W made according to some definite pattern on which doubtless 
“depends the diversity of sensations and movements.” Had 
he Avho in the earlier half of the seventeenth century thus 
foreshadowed the results of the last decades of the nineteenth 
century, been led to devote to the problems of the brain the 
same brilliant talents which had gathered in such valuable 
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results in rela\;ion to glands and to muscle, the story of the 
progress of physiology of the nervous system in the times 
coming after him, would, we may well think, have bet,‘n very 
different from that which wo have to record it actually is. 
But it was not to be. Stensen as we have seen was drawn to 
other things, and there was no one to take his place*. After 
Willis a long period followed before anyone took up again the 
problems with which he had busied himself Many valuable 
additions continued, it is true, to be mark* to the anatomy of 
the brain, .slowly and from time to time; but for a, long while 
no one took up the physiological inrpiiiy with the fei-vour 
which had marked the middle of the seventeenth c(?nturv. 
In tracing out the progress of science the tiend of investi- 
gation is found to vary from time to time; at r>ne period men's 
mifids are intently occupied witli one set of problems, and at 
another period these seem to be without cauvse almost wludly 
neglected. But, even allowing for siudi an ill-nnderstoo<l 
rhythm of in<[niry, it is difficult to n^sist the thought that 
the absence of research of which w^<‘ are sp<'akitig ^vas in pai t 
at least due to the sterilizing iuHueuee of Stahl's animistic 
doctrines. 

During the eighteenth century, howevau*, om* remarkable 
advancennent of knowledge was niade, which, though it con- 
ceiTied not the functions of the brain prop<*r, but tln^ relations 
of the functions of nerves to those of muscle, had a remarkable* 
iiiflneuce over the whole of mu*v<uis physiology. 1'his was the 
chief work of the great Haller, ami to this we must now turn. 
In order, however, to apprexuate the true valvn* nt' Haller's 
labours it will be necessary even at the risk of some n^eapitn- 
lation to pass in review tlie various views put forward from 
time to time coTicerning tlie action of nerves, and the relation 
of that action to mnscniar movement. 

In an early lecture I spoke of Borelli*s ideas concerning 
muscular contraction and said a few words about liis conception 
of nervous action. ^I must now return to these, (^specially the 
latter, and dwell upon some further details. * 

Borelli, as wo saw, took a distinctly physical view of 
nervous action. To him the animal spirits were known as a 
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succus nerveus, which he says "all recent authors admit is 
" not a breath (flatus) or air, but has a liquid consistency like 
" spirits ot‘ wine/' This succus nervous is agitated in two 
directions along the nerves, from the periphery to the brain as 
when it serves to gcaierate sensations, and fj’oin the bjviin to 
the muscles as when it serves to give rise to movements. Acting 
in the latter direction it, as Willis also taught, performs a 
double function; it not only causes visible movements by means 
of the muscles, but also exercis(is a nutritive, plastic power by 
which in all the tissues the crude material furnished by the 
blood is fashioned into the living flesh. 

He thus expounds the mechanical contrivanc(i by which the 
spirituous juice (the succus nerveus) can, along the same nervous 
channels, be n»ade to act both from without inwards, and from 
within outwards. ♦ 

" The nerve fibres are,” he says, “ by no means solid, full and 
" imjMirmeable, nor are they tubes hollow and cnnpty liki? reeds, 
"but are canals fllled with a certain spongy material like eldor- 
"pith. Such a inarnnv of thi^ flbres can easily be moistened by 
"the spirituous juiec of tlie brain, to whicli it is conjoined, and 
" may indeed be saturated to turgosconce, as we see spong'os are 
" saturated by watm' in contact with tlKun.” 

He uses as an illustration a slurcp's intestine filled not with 
water only, but with s|)Oiige impregnated with water, in which 
a concussion at one end is in a moment eommunicated right to 
the other end. 

“ III the same way, if* one of the extremiticis of the nerve 
" fibre be compj'essiHl or pushed, or struck or pinched, forthwith 
"the commotion and concussion or undulation ought to be com- 
“ inunicatcd riglit to the other end, because by reason of their 
“ contiguity, the parts lying first in an ordered sm*i(*s by pressing 
" on those following, communicate the bhnv and the impulse 
" right to the end. 

" Hence it follows that the fibres or spongy ducts of certain 
“nerves turgid with the spirituous juice^ can be shaken or 
"pinched by that gentle motion of the spirits by which the acts 
" of the command of the will are in the brain carried out, and 
" then, by concusvsing the whole length of the nerve through the 
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“ convulsive irritation, can squeeze out and discharge I'rom their 
extreme orifices some spirituous droplets into the appropriate 
muscle, whence the ebullition and explosion follow by which 
the muscle is contracted and rcndere<l tense. 

And on the other hand when the c^ixtremities of tlie sensory 
nerves which end in the skin, nose, ears or eyes, are cotiipress^id 
‘'or struck or titillated, it necessarily follows that forthwith the 
“concussion, undulation, or titillatiou of the spirituous juice 
“contained within the tubules is conveyi'd alonj( the whole 
“length of the nerve and reaches the particular part of tlio 
“brain to which the nerve fibres are joined. And here the 
“faculty of the sensitive soul according to the region of the 
“brain thus percussed, according to the vehmnence of the blow 
“and the fashion and ino<le of the motion, is able to form a 
“jmlgment cohcej*nirig tlie object causing tlu* movement.” 

He exprcissly declares that the “ juices, however spirituous 
“and active, are always cor|>oreal and cannot act at a distance, 
“and cannot, without |)hysical contact, iiutrease, intensify, or 
“depress the animal spirits; it is by mcjans of their corporeal 
“ pres(;!i(‘e that they either iiutrease! the aniinaJ spirits which 
“are also corporeal, mixing themselves with them, or expel 
“ them, or transform them. Whereforr; it (3umot be conceivcfd 
“that nervous action can take place without some local imwe- 
“ nient of -the nervous juice passing* along tin* wlnde length of 
“ the nerve right to the brain.” 

Borelli’s view of jiervous action thei*eloio was a strictly 
physical one ; in voluntary movomeiit the (•oncussion of the 
nervous fluid started at the brain, and passing along the \vhol<3 
length of the nei've, led to the ejection of soim^ rlroplets of the 
fluid into the substance of the muscle, and thus gave rise to 
contraction. Of the act of contraction itsidf ho was inclined to 
take a chemical view, to believe that the inflation of a muscle, 
which according to liim was the essence of contraction, was 
brought about “by something like a fermentation or an 
“ebullition”; but of this he speaks guardo^dly. 

ytensen, as w^e have seen, though he novvhen^ dwells ou tKe 
exact nature of nervous action or its relation to muscular con- 
traction, had arrived at conceptions of the nature of muscular 
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contraction itself, more true and exact than * those even of 
Borelli. He laid hold more clearly than Borelli, seems to have 
done of the truth that the contraction of a muscle is the 
result of the contraction of the individual fibres ; and he quotes 
the experiment that when a long muscle is cut up lengthways 
by scissors in three or four bits, each bit may be made to 
contract, as a proof tliat the power of contraction resides in the 
muscular substance as substance and not in the whole muscle 
as a machine. He further* states that contraction is not de- 
pendent on the action of arteries, or veins, or even necessarily 
on that of nerves; and he insists that while all voluntary 
movement is brought about by muscles, (‘very movement which 
a muscle carries out is not necessaiily a voluntary one. He 
ends his (?8say on muscle with the following nnnarkable 
speculation : • 

‘‘ Concerning the fluid of muscles how uncertain, or rather 
“how wholly wanting is our knowledge'. Fluid certainly exists 
“in the fibrilla} of which the motor fibn^s are coTnpc>sed and 
“between the fibrilla', also between th(> motor fibres themsedves, 
“in the membranous fibrilhm” (that is the connective tissue), 
“and betw<^en the membranous fibrillae: but in truth it is by 
“no moans clear whether theses fluids are all of one kind or 
“whether just as they are distinct in the seats which they 
“occupy so they differ in material properties. 

“Nor is it known whetherr any of' these fluids are really like 
“any orui of the fluids so far known to us. Animal spirits, the 
“more subtle part of the blood, the vapour of blood, and the 
“juice of the nerves, these are names used by many, but they 
“are merci words, meaning nothing. Some going furtluu' bring 
“ f«)rwaj'd saline and sulphureous partichis or something ana- 
“ logons to spirits of Avim'. Such things may perhaps be true, 
“ but are ueitluu' cta'tain nor ade(piately distinct. Experience 
“teaches us that a dose of .spirits of wine restores exhausted 
“powers, but who shall have determiued whether that which 
“ restores the fluid .spirit is to be ascribed to this said humour 
“•which we call spirit or to some other material or is joined to 
“it through some other cause ? 

“ As the substance of this fluid is unknown to us, so is its 
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“ movement unJietermined, since neitlier by sure reasoning nor 
“ by experimejit has it been ascertained whence it comes, 
“whither it tends, where on its departure it bijtakcs itself. 

* Ik ^ * 

“There remains another difficulty of no less moment not 
“yet cleared up, namely in what j-espect the movcMiiord of the 
“'fluid in a muscle while it is contracting differs from the 
“movement of the fluid in the same muscle wlien it remains 
“(juiet, uncoil tract ed. Is its (piantity changed? or iloes it 
“ remain the same ? Is the fluid after the event, supposing it 
“ I’omains, the same as liefore the event ? Does th<". fluid move 
“because the muscle contracts, or do('s the contraction of the 
“solid proceed from the movement of the fluid V 

This singular man bail throc^ humlrerl y(jais ago pierced into 
que*^3tions which arc still moving us at tlu' pn^sent day. 

Since this is the last occiasion which I shall have to speak of 
Stonsen, 1 may hero venture to quote his apin^al on belialf of 
the value of science in practical matters: 

“it may be shewn abundantly elsewhere how much nuMlical 
“practice owes to the anatomical experinu'iils of this agts oven 
“if it were only foi* this that they hav(> ex|)osed tlu^ numerous 
“errors which occur in the i\xpla.nation of the causes of disease 
“and at the same time shewn the r(*asons which hav(' governed 
“the application of remedies to he in most cases erroneous. 
“To those who decry the value of science 1 would give as an 
“answer this demand that they should ask their own consciences 
“and see what solid basis there is for all tliose dogrmxs which 
“ they })roiu)unce with such bold ease when they (Explain the 
“symptoms of apoplexy, paralysis, convulsions, prostiation of 
“strength, syncope, and (;ther diseases affecting animal movo- 
“ ments, on what foundatiou they rest when they ajiply remedies 
“ for removing these evils, with the rcsidt that tfiey do away 
“not witli the paralysis, not with the convulsion, but with the 
“ paralytic or the convulsed man.’' 

Willis was very^far from reaching the exact standpoint of 
Borclli and Stenseri ; he explains muscular contraction in a 
very difterent way. This is what ho says : 

“ The animal spirits carried from the brain by the channels 
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the tierves to a mnscJo, caught up by the Aiembranaceous 
‘‘fibrillaj, and earrietl by means of these to the fibres of the 
“ tendon, are then plontecnisly stored up as it were in suitable 
“ storehouses. These spirits, being by nature exceedingly active 
“and eliistie, upon expanding as their power and opportunity 
“permit, leap inti^ the fleshy fibres, and presently afterwards, 
“ their impetus being exhausted, falling back, they retreat again 
“ into the tendons ; and this is i-cpo'atod again and again. When 
“however the animal spirits at the bidding of the instinct to 
“bring about movement rush from the tendinous to the fleshy 
“ fibres, they there im*(‘.t with active*, particles of a diffV'rent 
“nature supplied by the blood, and forthwith the two mixing, 
“ effervesce, so that out of the struggle and agitation of the 
“ two, the flesliy fibres, previously lax and porous, are stuffed 
“full and thrown into corrugations, and all the fibjcs being 
“ thus coniigated at the saint! l ime, the contraction of the whole 
“muscle is brought aixmt. The contraction btdng fiiiisluid, the 
“pure sjiirits which remain for the most part retreat again 
“ into the tendinous fibres, tin* remaining particles being left 
“among tlio fleshy fibre.s. 'JIk! loss which has occurred among 
“ the latter i.s math* go(Kl by the blood, that among the former 
“ by the m*rves.” 

Mayow, as we have seen, had his own view about the matter 
in question. He like many other di.scoverers who have laid hold 
of a great truth, but hav(! not liad time to go all round it, was 
inclined to see in his spiritns nitro-aei*eus, an explanation of 
nearly all the nnexplaim^d jihonomena of the universe; he used 
it to (explain mnsculnr contraction. This was in his view a 
fermentation set up between the combustible, sulphurous 
particles residing in the muscle, and the; nitro-aereal spirit 
brought to it by the nerves. But he. got no furtlier than 
this. 

, While these several men of the sovcntoeiith century whom 
I have just nientioneil wt‘re hovering about the truth of the 
relation of* nervous influences to muscular contraction, some 
getting more, others less near, one among them, an English- 
man, came upon tlH3 truth itself, and after him this part of 
physiology stood still for near a hundrerl years. This was 
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Francis Glissoii, of whom I have already said soinothing more 
than once, but of whom I must now speak in more detail. 

Born in 1597 at Rainpisharn in Dorset of a good family, 
Glissoii entered in 1617 as a scholar at (’Konville and Cains 
College, Cambridge, where for a while he threw himself with 
vigour and success into the usual learning of the place, taking 
office in his college in 1624 as Fellow, in 1625 a,s Lecturer on 
Greek, and in 1629 as Dean, though not in holy oidevs. Later 
on, the publication of Harvey’s work in 162S being possibly the 
determijiing cause, he turnerl his mind to medicine, and be- 
coming in 16*14 Doctor of Medicine was in KkKi appointed 
liegius Professor of Physic. Ho a|>j)ears to have oarrii^d out 
his medical studios in London, for there is no evidence of 
his ever ha.viiig like Harvey gone abroad. 4'hongh for some 
time he practfsed as a physician in Col(‘heste,r, tlui greatcu* 
part of his life was passed in T^ondon. wln-re Ik^ was very 
active* at the Coll(*ge of Idiysicians, of whi(‘h h(^ beetann* Fellow 
in 1635, and Header in Anatomy in 16*39. He was on»’ of the* 
small barul of men who iisod to meet in 1660 at Gresham 
tJollego to discuss natural knowledge, and who two yc'ars lat<‘r 
founded the Royal Socn(‘ty. He seems to havi? spent very little 
tirncj at Candn*idg(% tr(*ating his j)rof(*ssional duties s<»mewhat 
lightly. 1'hough he held liis chair until his death, Dr Brady 
being appointed his deputy in 1675. thenv is no iwi<len(re of his 
ever having delivered any courses of lectmes ; yet he app(*fii's to 
have attended at Cambridge from time to time “ to keej) acts ” 
when camlidates j)resented ihemselv(*s for the dt'gree of Doctor 
of Medicine. In 1650 he petitioned the [.rniversity for five 
years’ arrears ol' .salaiy, aj^parently the years 164*3- 4 to 164S 9, 
when, living at Ckdchi'ster, he was wholly absemt. Pi’obably 
life at Cambridge^ was distasteful to him ; tin* ITniveisity was 
very strongly Royalist-, and Glisson was a pronounce<l Presby- 
terian. While at Colehester he served as elder of tht^ chuj*ch 
a-t the neighbouring village of Lo.xden ; and beirig shut up in 
164<S in ( Colchester with the Rovalists in I lie imunorable sieg** 
of that placcj, was chosen by the besieged authorities as a vtiry 
suitable member of the deputation serit foi’th to treat with 
Fairfax on the terms of surrender. While in London he di<l 
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his duties manfully during the great plague* of 1665, was 
President of the College of Physicians 1667-9, and passed 
away at a ripe old age in 1677. 

He was a good anatomist and a sound physician ; and he is 
perhaps host known for his classic woi*ks on rickets and on the 
liver. With the latter I have dealt in speaking of Malpighi. 
Vet the work to which he gave most of his energy, and 
the one which best illustrates the character of his mind, is 
tlu^ Tractatufi da natura .substautua energetica, j)ul)Iished in 
1672 when he was an old man. For, accurate and careful 
anatomist though he was, Olisson was essentially a philosopher, 
steeped in all the old Aristottdian learJiing which he had 
eagerly devoured in his youth, and striving to shape that old 
learning into aocordane(‘ with the new philosophy which was 
fermenting around him. The TractutKs in fact is a told 
attempt to shew that all phenomena as well as of living things, 
he they animal oi* vegetable, as of things not alive, are the 
successive developnamts of the one fundamental encjgy of 
nature. llci says of this work in his preface, ''‘It treats of 
Nature, well known by name but really understood by few, 
“that Nature of which so many splendid things have been said 
“ by ancicmt as well as modern Philosophers. But the few who 
“have so far recognizc*d tliis life of nature have ^neither 
“made clear its substantial origin in mateiial things nor 
“ade([uately distinguished it from vegetable or animal life. 
“Still less have they, following up its more hidden traces, in- 
“ quired how it is developed from the natural into the vegetable 
“and animal. Least of all have they shewn how the material 
“ Soul, the vegetative soul and the sensitive soul arise out of 
“the life of nature, thougli this is lifted u}) by succ(>ssive steps.” 

He confesses that ho has done no more than sketch out 
the d jmiori proof of his view. The d posteriori proof lias only 
just been begun. That can not be supplier! by an old man 
like himself or indeed by the hands of any one man. “ Let me 
“ hope that the Royal Society and other inquirers after truth 
“ will be moved to furnish it.” 

I call attention to this general view of GIisson*s, because 
this was the mother idea which led him to a special conception 
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of the properties of muscular tissue, through which he antici- 
pated modern teaching by nearly a hundred years. In his work 
on the liver, in discussing how^ it comes about that the bile is 
discharged into the intestines at certain times only, namely 
when it is wanted, he shews that the gall-bladder and biliary 
duct bring about a greater excrcthm wlien they are irritated. 
And he argues that they catmot be in itated unless they possess 
the power of being irritated. This power of being irritated he 
proposes to denote by the term irritability. And he develo})es 
this view again in his work on tla> stomach, De Ventric}do, 
published the year of his death, though wholly written as (;arly 
as 1662, but laid aside in order that ho might devote himself to 
his work De Natura. 

Thus it is undoubtorlly to (Jllisson that we owe? the first 
introduction not only of the word but of ( he idea of ‘ irril, ability,’ 
which, revived by Haller, as we shall immediately see, in the 
next century, became firmly established in )>hysiology, and has 
played an important part in the devcilo[)ment both of physio- 
logical and pathological views. Halt a* used the wi>rd in its 
narrower sense as the proper ty through which muscles lesponds 
by movement to an external stimulus ; since then it has bt'cii 
extended to mean response in any way, not by movement oi* 
change of form only but by any kind of change, chemical 
change, change of growth, and the like. And it is worthy of 
note that Olisson from the very lirst used the word in its 
widest sense, distinguishing the various ways in which irrita- 
bility may be manifested and tijc various agents by which it 
may be called forth. 

It was perhaps by reason of the fundamental and highly 
philosophic charactei* of Glisson's conception that it did not 
meet with immediate recognition. The idea had to be put 
forth in the narrower form, which Haller gave to it, in order 
to be understandod and accepted l>y physiological y)eo];)lc\ * 

Besides this introduction of the idea of irritability Glisson 
made another contribution to muscular physiology of a wholly, 
different character, and yet one, from another point of view, of 
fundamental importance. We have seen that Borolli, with all 
his zeal for the exact mathematical treatment of physiological 
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problems, assumed, being led to do so by reasons of analogy, 
without attempting to make any direct observations on the 
matter, that a muscle during contraction was inflated, that 
it sutFered increase in bulk. Now Borelli took this view 
although as we have seen he had freed himself from the 
old, and to a large extent still current grosser conceptions of 
the nat\ire of the animal spirits. To those who held these 
grosser conceptions the increase in bulk of a muscle during its 
contraction was a natural and indeed necessaiy postulate ; the 
animal spirits flowed into the muscle and made it swell up. 
Such, with the admixture of certain new chemical conceptions, 
was as we have seen the teaching of Willis. 

All such ideas (llisson confronted with a single experiment, 
the result of which (l(‘])rivcd them of all solid basis. He gave, 
and he was the first to give, the exact proof that wh<f;n a 
muscle contraerts it does not increase in bulk ; and bis old 
experiment still stands in substance as the ])roof given in our 
modern tr^xt-books. In his work De Ve}it7^iculo he says, 

^‘Biit indeed this explosion and inflation of spii'its has now 
'‘for some time past been silenced, convicted by the following 
“experiment. Take an oblong glass tube of suitable capacity 
“and shape. Fit into the top of its side near its mouth 
“another small tub(; like a funnel. Let a strong muscular man 
“insert into the mouth of the larger tube the whole of his 
“bared arm, and secure the mouth of the tube all round to the 
“ humerus with bandages so that no water can escape from the 
“tube. Then pour watcu' through the funnel until the whole 
“of the larger tube is completely filled, and some water rises 
“ up into the funnel. This being done, now tell the man 
“alternately to contract powerfully and to i*elax tlui muscles 
“of his arm. It will be seen that when the muscles are 
“contracted the water in the tube of the funnel sinks, rising 
“Ugain when relaxation takes place. From which it is clear 
“ that muscles are not inflated or swollen at the time that they 
<“are contracting, but on the contrary are lessened, shrunk, and 
“subsided. For if they were inflated the water in the tubule 
“so far from sinking would rise. From this therefore we may 
“ infer that the fibres are shortened by an intrinsic vital move- 
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“ment and hj!ve no need of any abundant afflux of spirits, 
“either aninnJ or vital, by which they arc inflated, and being 
“ so shortened carry <jut the inovernonts ordered by the brain.’* 

We nowadays avoid the concomitant changes in the volume 
of blood present in the arm, and take not a whole limb of 
man but the bloodless riiusclos of a frog; but otherwise the 
plethysmographic proof we now use is identical with that of 
Glisson. 

But Glisson’s irritability and his notable experiment were 
like Mayow’s igneo-aereal spirit forgotten as the seventeenth 
century passed into the eighteenth. We have to wait luit.il the 
middle of the latter century, whoi the truth was brought to 
light again by the sagacious Haller in his views of nervous 
action and its relation to muscular contraction. To these we 
must now turn. 

In his Kleinenta, Haller in treating of the subject begins 
by di.scussing the contractile force in general. “ Inhere is 
“widely present not only in the animal but also in the 
“ vegetable kiiigcJom a contracitile force by whic h the elements 
“of fibres are brought nearer to each other. This not only 
“seems to be the cause of cohesion in general, but. is 
“rendered manifest by the fact that a fibre drawn out 
“lengthways when let go very soon retiiiiis to its previous 
“ length, and never lays aside the efl'ort to become shorter 
“ until it has so returned to its previous length.” This 
is more properly the elastic force. Besides this there is a 
contractile force by which the tissues dead or alive shrink 
when treated in various ways, when for instance they are 
heated. A contractile force of such a kind is pnisent in almost 
all animal tissues, unless it be the very soft and pulpy ones like 
brain or the very hard ones like bone and teeth. But there is 
in addition a special contractile force pi'oper to muscles alone. 
“In a living animal, or in one only just dead there very 
“ frequently appears spontaneously in museiilar tissue a swift 
“ vivid contractile iiKjvcment by which the ends oi the muscle^ 
“arc alternately brought nearer to the middle belly and then 
“ again recede from it.” And oven when this contractile 
movement does not spontaneously appear, it may be excited if 
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a stimulus, such as pricking, or pinching, or some chemical 
substance be applied. • 

Many writers consider this living contractile force as iden- 
tical with the dead one just described as belonging more or less 
to all tissues. This view Haller discusses and concludes, “ that 
“ muscular fibre is the only one which is moved spontaneously 
“ in the living animal, or is brought by irritarnents from rest to 
“ movement,” and that “ the living contractile force must be 
“ held to be distinct frotn the dead contractile force, since the 
two agree neither in the laws which govern them, nor in 
‘‘their duration, nor in th(;ir seat.” 

This force he calls the m insita, the ‘ inherent force,* and 
the tissues possessing it he calls after Cdisson ‘irritable.' 

He then discusses whether this property of irritability is 
identical with that of feeling, and concludes that it is*^iiot. 
“There are many parts which feel but which are not irritable, 
“and in particular a nerve, which is above everything sensitive, 
“and yet poss(‘Sse8 no contractile force except that common one 
“ found as stated above even in dead things. 

“ Wherefore this force since it is ilitt'erent both from mere 
“ elasticity and fiom that dead contraction which is common to 
“all fibres, seems to constitute a peculiar propeity, proper to 
“the muscular fibre, and iiuleeil to mark the character of that 
“fibre, so that every muscular fibre is irritable, and on the 
“other hand you may fairly call muscular Hbro everything that 
“is irritable. It is however a force of its own kind, different 
“ from every other power, and to be classed among the sources 
“of the production of motion the ultimate cause of which is 
“unknown. This same force is inherent in the fibre itself and 
“ not brought to it from without.” 

He sums up thus : 

“I (by my experiments published first in 1739, and again 
“in 1743) separated this irritable nature on the one hand from 
“a mere dead force, and on the other from the nervous force 
and from the power of the soul. I shewed that the move- 
“ merit of the heart and the irritable nature of the intestines 
“ depended on it alone. I confined it entirely to the muscular 
“ fibre, in which point the Batavian school does not agree with 
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“me, but they will I hope do so when they are willing to 
“distinguish the contractile force common to all animal fibre 
“ from tlie irritable force proper to muscle alone. I also 
“ shewed that that force was something perpetually living, and 
“that it often broke out into movement though no external 
“stimulus such as could be recognized by us was acting. By a 
‘‘stimulus, however, it could at an}" time be called back from 
‘rest into action. In a movement pi-oduced through it I 
“ distinguished between the stimulus which might be very 
“slight, and the movement called forth by the stimulus which 
“ might bo very powerful.'' 

“Some,” says he, “ have wished to call this force the vital 
“force, but this docs not (piite please rne since the force may 
“for some little time survive the life of the body. Henc(^ I 
“prefer to call 'it the force inlnu’cnt in or proper to muscle.” 
He then goes on : 

“Besides tliis force inherent in muscular fibn% another force 
“is exercised in it, so far like the former in that it alone has its 
“seat in muscular fibie. But it is different from the inherent 
“force ill as much as it. counts from without and is carried to 
“ the muscles from the brain by the nerves, it is the power by 
“which muscles are called into action.” This he calls the 
vis nervosa. It too survives the <leath ot thij body, ami in 
cold-blooded animals is of the same constancy as th»3 inherent 
force, so that in such an animal recently killed, in whitdi no 
sensation or voluntary movement nunains, a muscle, provided it 
be moist and whole, is thrown into convulsions when its nerve 
is irritated. And the same is true of warm-blooded animals. 

Having thus cleaiiMl the way by adopting the conception 
that the movements of the body are the manifestations ot 
this inherent contractile power of muscle, the vis instta, 
which may develop itself sp()iitaneously, but wliich is usually 
brought into play by the instrumentality of the nerves, by tlie 
vis ner'vosdy Haller was able, in his remai’kable chapter, “ On 
the Phenomena of the living Brain,” to deal in a true scientific 
spirit, indeed in a modern spirit, with the many and difficult 
problems of the nervous system. 

He fii-st confines himself to what can be It^arnt from 
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experiment. “As the nature of the brain and 6f the nerves is 
“one and the siiine, so are these alike in function. In treating 
“ of them we will so fai- as possible make use of experiments, nor 
“ will we at first at least go beyond the testimony of our senses.*' 

Experiments and the testimony of the senses teach us, he 
says, tliat nerves alone feel: only those parts which j)ossess 
nerves feel, and they feel through their nerves. The question 
whether tendons feel presented difficulties to him as it has 
done to others after him ; but the main result of all his 
experiments confirmed him in the view that nerves are the 
only instruments of sensation, just as they by calling into 
play the contractile power of muscles are the only instru- 
ments of movement. 

All the nerves are gathered together into the ‘ medulla 
cerebri,* into the central parts of the brain ; whence it may bo 
inferred that “ this central part of the brain feels and that in it 
“are presented to the mind the impressions which the nerves 
“ disturbed at their extreme ends have carried to the brain.” 
This conclusion is supportt^d by the plnuiomena of disease and 
by the results of experiments on living animals. Sensation 
manifests itself by movements, and when these central parts of 
the brain are irritated by the knife or otherwise, the movements 
which follow abundantly prove that sensation has been excited. 
These movements are readily seen when the corpora striata, 
the thalamus, the crura cerebri, the pons and the medulla 
oblongata are injured. He goes on to argue that the cortex of 
the brain must also feel, though no movement results when 
it is irritated. “ But the medulla of the corj)ora striata, 
“ or of the crur a, or of the pons dilfers in no way from that of 
“the rest of the brain except the actual cortex, and this unless 
“it itself felt would be unable to bestow feeling on the medulla. 
“ If indeed the medulla is one and the same, and exactly alike 

the summit and at the base of the brain, and if the deeper 
“ medulla obviously feels, it cannot with any right be said that 
“the medulla placed in the higher situation, though possessing 
exactly the same nature, is destitute of feeling. The nerves 
“ therefore feel and carry to the brain the impressions of ex- 
“ ternal objects. Those impressions arc preserved in the brain, 
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‘‘ and after fifty or even after a hundred years, if a man lives so 
“long, remaii^ vivid and clear.” 

He then goes on to discuss the question whether any 
particular parts of the brain, by a special privilege, function 
as the seat of sensation and the source of movement. “ In all 
“cases we have shewn that the impressions of the seiises are 
“ carried to the brain, and the cause of movonuuit is conveyed 
“ thence through the nerves to the muscles of the whole body. 
“ But learned men, even those of the school of Galen as well 
“as those of recent years, have suspected that the power of 
“ receiving feeling and of exciting movement was not alike in 
“particular parts of the brain, and that tlio whole brain was 
“not necessary for the full development of sensations.” Ho 
discusses this question, using as tests the phenomena of <lisease 
and the results of experiments on animals. Guided by these, 
he rejects the view held by Willis and others that the 
corpora striata serve as the seat of sensation and the source of 
movement, as well as the view that the cerebellum is essential 
to life. In the light of our modern knowledge it is most 
interesting to follow this physiologist of a hundred and fifty 
years ago striving to find his way along tlu^ tangled ])aLli 
presented by the nervous phenomena resulting from ilisease 
01* from experimental interference: 

He then j)asses on to what he calls ‘conjectures/ The 
views which he has ‘‘ so fiir put forward have been baso<l on the 
“ evidence of the senses, and if wc hav(,‘ erred tlie error hiis lain 
“in the experiment. This fault however can readily be memled 
“since by simple repetition it can be ascertained whether we 
“arc really following nature’s lead or have wandered from the 
“truth, led astray by tlie fewness of the experiments or by some 
“ mistake in cairying them out. It is not equally easy to ke(.‘p 
“ oneself from error in the*- matters which have now to be dis- 
“ cussed. Very little of what follows is based on the evidence of 
“the senses, but is reached by probable arguments gathered 
“ from all manner of sources, and these while they are strong 
“enough to furnisli ourselves with the hope of truth, do not 
“possess that certainty which will carry conviction to the mind 
“ of others.” 
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The first subject which he discusses, ' by conjectures,’ is the 
nature of nervous action. He expounds and rejects the view 
put forward under various shapes that the nerves act as solid 
bo<lies, after the fashion, for instance, of elastic strings along 
which vibrations are conveyed. In his encyclopaedic manner 
he recalls and discusses various views of this kind put forward 
by various men, including that of Nicolas Robinson, who in 
his work on tlie spleen supposed that the nerves of sense were 
composed of little paj)illary machines, exceedingly small and 
exceedingly numerous and minute, which stmek by the object 
giving rise to thc‘ sensation were thi-owji into oscillations and 
so conveyed the impression to the mind. 

He next discusses the view that nervous action depends 
upon a fluid. 

“ All the ancients attributed to the nerves a most subtle j/ud 
“ attenuated humour or rather fluid, for the word humour 
“suggtjsts something sluggish, to which they gave the name of 
'‘ spirits, and which, though invisible just like air, exercises a 
"great power. This doctrine of the schools for many ages held 
“ its place ; lately, however, this doctrine of spirits, like all other 
" things which pleased of old, began to totter. Then a sect 
"by no means weak ” (namely that of Stahl) "took up the posi- 
" tion that the soul acted directly hand to hand in all the 
"actions of the body and did not make use of instruments, 
“by which it conveyed its commands to distant parts. People 
“began to d<nibt very much about thcs(j spirits, and indeed 
“now even the most distinguished men share these doubts.” 

Ho first marshals all that can be said against this hypo- 
thesis of the spirits, that is of the active part of the; nerve 
being of the nature of a fluid, quoting among other things 
the argument that a nerve when ligatured does not swell, 
and the like, l^ut he finds these objections invalid; and 
assuming therefore that the active nervous material is of 
a ffuid nature, he proceeds to discuss what must be its 
essential characters. These lead him to the conclusion that 
it» cannot be of the nature of an albuminous solution, nor 
spirituous in nature like alcohol, nor aci<l, nor sulphureous, 
i.e. combustible. He likewise decides that it cannot be, as so 
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many have thought, aerial. “At the close of the 17th century/* 
he says, “ the name other came into fashion, and it became 
“ the wont to attribute to it, to an invisible element which did 
“not lend itself to experiment, everything the cause of which 
“ was unknown, light, gravity, magnetism. Soino accordingly 
“ hold the spirits (the nervous fluid) to be of the nature of 
‘‘ ether or to be composed of ether.” He rejects this also, 
including in the rejection the view that the spirits consist of 
electric material. 

“ Of what nature then,” he asks, “ is thc' matei ial of those 
“spirits?** He answers, with the s})irit of the eclectic philo- 
sopher that he was, “an element of its ow!i kind unlike 
“everything else. An element, too subtle to be grasped by 
“any of the senses, but more gross than fire, or ether or 
“elpctric or magnetic matter, since it can be ctmtained in 
“ channels and restj’ained by bunds and moreover is clearly 
“produced out of and nourished by f(H>d. Wluit forbids, since 
“ liglit is sonK^thing diUcnmt from tiie, and the material of 
“the magnet difi'ers jroin lioth, anti aii* and ether an? unlike 
“all the rest, what forbids that there should l»e this element of 
“its own kind known to us only by its effects ^*’ 

He then discusses as a s|)eculalion, but be it observed 
as a speculation only, whctlun* the nerves ai*e hollow for the 
conveyance of this nt.*rvous lliiid ; he decides in the affirmative 
and insists that by analogy the fibre.s ot the brain must in like 
manner bo hollow also. He adds that tlie nervous fluid is 
supplied and noui'ished by the arteries ot tin* brain. 

He rejects the view of there being two different kinds ot 
nervous fluid, one for thc production ot sensation aiul movement, 
and another for the preservation of life, oiu; connected with the 
cerebrum, tlio other with the cerebellum. He rejects also the 
view that there is one kind of iiorvcAis tluirl for s<;nsaUon and 
another for movement ; he sees no real diflicnlty in the same 
nerve serving both for sensation and movement. 

Hastly, he passes to the most speculative r|uestion of alf, 
the ‘seat of the sdiil.* He rejects the Stahlian opinion that 
thc soul and the sensoriuin commune is diffused over the 
whole body, present as well in the tip of the finger as in the 
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brain. He recalls the results arrived at by experiment that 
the medulla, the central part of the brain, is the seat of 
sensation and the source of muscular movement. *'Nor in 
“the cortex of the brain alone is the seat of sensation or 
“the full origin of the cause of muscular movement; each of 
these lies also in the medulla of the cerebrum and of the 
“cerebellum.** “This is not the place to speak about the 
“ soul, but the soul has nothing in common with the body 
“other than sensation and niovement. Now both sensation 
“and movement have their source in the medulla of the 
“ brain. This therefore is the seat of the soul.’* 

Asking the question whether the seat of the soul can be 
defined within narrower limits, he remarks that “no nanower 
“seat can be allotted to the soul than the conjoint origin of 
“ all the nerves ; nor can any structure be proposed as its Sjpat 
“ except that to which wo can trace all the nerves. For it will 
“be easily understood that the sensorium commune ought to 
“ lack ri(^ feeling of any part of the whole animated body nor 
“any nerve which can convey from any part of the body the 
“ impression of external objects. And the sanu^ may bo said 
“of the nerves of movement. Wherefore, even quite apart from 
“the experimental results described above, we cannot admit 
“ as the exclusive seat of the soul, either the corpus callosum 
“or the septum Imridum or the tiny pineal gland, or the corpora 
“striata or any particular region of th(^ brain.” 

There remains still a somewhat different (piestion whether 
different parts of the brain may not correspond to different 
fnnction.s of the soul. Some experiments and some of the 
phenomena of disease do, he admits, give a. certain support to 
this, and the anatomical evidence points in the same direction ; 
Ave may for instance suppose that the ])arts of the brain around 
the entrance of the optic nerve are espe<;ially concerned in 
vision, and the like. We may perhaps go a certain way in 
this' direction, but a very little way. “ Our present knowledge 
‘•does not permit ns to speak with any show of truth about 
“ the more complicated functions of the mind or to assign in 
“the brain to imagination its seat, to common sensation its 
“ seat, to memory its seat. Hypotheses of this kind have in 
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“ great numbers reigned in the writings of physiologists from 
** all time. JJut all of them alike have been feeble, fleeting, 
‘‘and of a short life.*’ 

Thus Haller wrote in the middle of the eighteenth century. 
The nineteenth century has brought great gains to our know- 
ledge of the nervous system. Charles Bell and Majendie laid 
bare to us that fundamental distinction between sensory and 
motor fibres which Haller failed to see. The hidden work of 
the vaso-motor nerves, and of bhe^ other nerves which answer to 
calls not those of the will, and which often play their parts in 
silence without awakening consciousness, has been revealed to 
us. The progress of physical and especially of electric science 
has given us conceptions of how the pulses of souse and of the 
will fly inwards and outwards along the nerve- fibres, concep- 
tions clear and dc;finitc compared with Haller’s flim gropings 
after the nature of the nervous fluid. And above all in these 
later years, the microscopical study, by refined methods, of 
healthy and especially of <lisoased nervous structui'es, carried 
out in concert with exact experiments on living animals 
have gathered for us knowledge concerning those different 
provinces of the brain which servo the diffenitit fiiiictions of the 
mind — knowledge clear, definite, and founded on fact in place 
of Hallers timorous conjectures, and have brought us within 
measurable distance of b<?ing able to assign, not as feeble, 
short-lived hypotheses, but as proved experimental results, to 
sensation its seat, to memory its seat, and even to imagination 
its seat. We have learnt much since Haller’s time. But what 
1 have said of Haller justifies, I venture to think, the assertion 
that we have gone fiirward so much because we have laboured 
on Haller’s lines. He expounded the nervous system in a spirit 
which has become the modem .spirit, and our progr(\ss has been 
due to our following his example. And if he with the know- 
ledge and the means at his command seems to us to-day often 
to have walked haltingly or even often to have gone astray, we 
may ask ourselves this question : Arc not we, with all the know- 
ledge and the means at our command, walking also haltingly, 
if not more haltingly ; and arc we not as often, if not more 
often, going astray ? Shall we not seem so to those who tell 
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our story a hundred years to come ? For irideefl it is one of 
the lessons of the history of science that each age steps on 
the shoulders of the ages which have gone before. The value 
of each age is not its own, but is in part, in largo part, a 
debt to its forerunners. And this age of ours if, like its 
predecessors, it can boast of something of which it is proud, 
would, could it read the future, doubtless find also much of 
which it would be ashamed. 
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Fellow of the Royal College of 
Physicians, 287 ; at work in London 
during the Plague, 288; his True- 
tutus de naturasuhstuntiiP. euprffeticuj 
*288, 286; on the liver, 286; the 
stomacli, 286, 260 

Graaf, Regner de, birth; studies under 
Sylvius at Jjeydcn ; practisea at 
Delft; dies there, 15^1; on pancreatic 
juice, 154-167 

Grew, Noheiniali, ‘ the Anatomy of 
Vegetables begun,’ 62 

Guinterius, Job., Vosalius a pupil 
of, 7 

Giinther, Join, v, Guinterius, Joli. 

Hides, Stephen, birth, education, and 
death; makes the acquaintance of 
Horace Walpole, 2^11; * Statical 

Essays * of, 231, 232 

Haller, Albrecht von, publication of 
Vol. I, of his Klemeuta I^hifsiolo(j(<r.; 
birth and education, 205; accepts 
the Chair of Anatomy, Botany, 
and Medicine at Giittingen ; retires 
to B(>rn; completes his FApmentai 
death, ‘206; his exposition of diges- 
tion, 207, *208 ; bile, 208, 206; on 
tbe pancreas, 209; on r(?spiration, 
228-230; on nervous action, ‘291- 
297 ; on the ‘ seat of the soul, ’ 
297-299 

Harvcyi. William, birth ; at Cambridge; 
leaves England for Padna, 41 ; degree 
at Padua; return to England; in 
Lf^ndon; Physician to St Bartho- 
lomew’s Hospital; Physician to King 
Charles I.; in charge of the Princes 
at the battle of Edgehill; retires 


into private life; publishes the De 
generatione animalium ; death, 42 ; 
on the circulation of the blood, 42- 
48, 52-64 ; on the lacteal veins dis- 
covered by Aselli, 52; the credit of 
his work claimed for others, 63 ; his 
method strictly physiological, 65 
llassenfrat/, on the combination of 
oxygen with the carbon and liydro- 
gen of the blood, 252 
Heat, 248 

llelinont, J. B. van, birth; studies 
at Louvain, 128; refuses the M.A. 
degree ; takes his Doctorship of 
Medici ue ; travels ; his return 

and marriage ; life and death at 
Vilvorde, 129; the Ortus Medic.ince 
of; De magueticu vuluvnm mm- 
tivne, 130; influtuice of Para- 
celsus on him; comparison of the 
two intellects, 131; Gas and Bias, 
terms used by Jiini, 131-136; the 
six digestions of, 136-141; the sen- 
sitive and motive soul of, 260 
Herhst, »j., v, Oporinus, J. 

Hippocrates, 4, 229 
Histology, 94 

Hofmann, J. M., claims the discovery 
of the duct of the pancreas, 104 
Tlohenheira, Theojihrastiis von, v. 
Paracelsus 

Hooke, Robert, new ideas started by, 
under the use of the microscope, 86; 
birth and death of; curator of ex- 
periments to the Royal Hociety; the 
Micrographia of, 180; experiment 
on artificial respiration, 180, 181 
Horn, van, on the discovery of the 
thoracic duct, 50, 51 
Hunter, John, on digestion, 220-223; 
accuses Reaumur of * anatomical 
ignorance’; criticizes Siiallanzani ; 
the latter’s reply, 220 
Hydrocar bonous fluid, 252, 253 
Hydrogen, 250,^ 251 

lugrassias, John Pliilipp, the stapes 
first observed and described by; 
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succeedB VestliuB as physician to 
Philip Tl., 31 

Innocent XII. appoints Malpighi his 
physician, 119 

Irritability, 289, 292 

Jaiisseri, Hans and Zacharias, the 
supposed inventors of the micro- 
scope, 86 

Joliv(j, takes degree at Cambridge ; on 
lymphatics, 51 

Kidneys, functions of the, 102 

Ijaeteals, 48-51, 131, 138, 157 

Lagrange, on respiration, 252 

Laplace, ]Menioir on Heat, 248 

Laudanum, use ftf, said to be due to 
•Paraetdsus, 127 

Lavoisier, Ant. Laurent, birth and 
educjition ; admitted to the Aca- 
demy of Sciences ; publication 
of his work ‘On the nature of 
the princii)lo whicb rM)mbines with 
metals during their calcination,’ 
244 ; the discoverer of oxygen ; on 
‘ General considerations concerning 
the nature of acids,’ 215 ; on animal 
respiration, 245-248 ; publislies in 
conjunction with liaplace. Memoir 
on Heat, 248; publishes in con- 
junctioii with Setjuin ‘ The transpi- 
ration of animals,’ 251 ; liis theory 
of a hyjlrocarbonous secretion over- 
thrown by S])allanzani, 253; arrested 
and executed by tlie Convention, 
254 

Lceuenhoek, Anton van, new ideas 
started by, with tin* ai<l of the 
microscope, 8G ; observes the capil- 
laries, 98; description of red blood 
corpu.scles by, 100 

Liver, functions of the, 102 

Lower, Ki chard, experiments on trans- 
fusion, 181, 182; practises in London ; 
publishes the TractaUiH de conic, 
182 ; the instructor of Thomas 
Willis, 270 
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Loyola, Ignatius, contemporary with 
Vesalius, 8 

Lung, discovery of the structure of, 
by Malpighi, 90, 95 

Luzzi, 11. de’, v. Mundiiiiis, R. 

Lymphatics, 51, 52, 106, 157 

Magnus, Gustav, on respiration, 253, 
254 

Malpighi, Marcello, new ideas start(Hl 
by, with the aid of the microscope; 
birth ; student at Bologna, 86 ; 
disputes with the Sbaraglia family; 
joins tht* Coriuf nnatomicua at Bo- 
logna; becomes Doctor in Medicine 
and Philosopliy; in disfavour with 
the Obscurantists ; marries the sister 
of Massari, 87; made Profesw»r of 
Medicine; accepts the Chair of 
Theoretical Mediciiuj at Pisa; makes 
the friendship of Borelli there ; his 
chjiraoter contrasted witli that of 
Borelli, 88, 89 ; his manuscript of 
a Dialogue betwetm a Oalonist and a 
surgeon accidentally burnt; resigns 
bis Cliair at Pisa and returns to 
Bologna as Professor of Medicine; 
discovers the structure of the lung ; 
accejits the Chair of Medicine at 
Messina, 90; makes friends with 
Stensen; accepts post again at P»o- 
logna, 91 ; invited to a philosophic 
correspondence with the Royal 
Society of London ; his woi ks J>ub- 
lished by the Society; his book on 
the anatomy of plants, 92; tho 
founder of the science of embiyo- 
loyy; devotes himself to the study 
of the silkworm, 93; the first histo- 
logist, 94; his work ‘On the Lungs,’ 
95-98; fiirtlier discovery touching 
the blood, 99; work of,^on the 
tongue and external organ of sense, 
100, 101; on the anatomy of the 
brain, 101; glands, 101-104; Qn the 
liver, 112- 116; the kidney, 116, 
117; the spleen, 117. 118; treatises 
written at Bologna, 118; becomes 
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physician to Iiiiiocoiit XIT., 11!); 
death, 120; autobioj^nipliy ; Borelli’s 
ciiticisiii or his views on respira- 
tion, 177; on the histolo^^'y of the 
liorvoiis system, 200 
AfalpiKhian layer, 100 
Maria Tiiercsa, Empress, offers the 
Chair of Natural History at Pavia 
to Luzaro Spall an y:ani, 212 
Massari, Hartoloiiimeo, forms a club 
called the Corns anatom ir us at 
Bolof^mi, S7 ; sudden dt^atli of, 
H8 

Mayow, John, at Oxford; publications 
of; admitted bellow of tiie Iloyal 
Society; death, 185; on respiration, 
185, 181), lil2; tiJict on sal-nitrum, 
180; on coiiibiistion, 18!), 11)0; iden- 
tification of burnin^r and breathing, 
lOiN-lliH; on luiisenlar contraction, 
2S0 

Medici, Cosiino d<^\ ]r»; ai>j>oints 

CJohiinhiis Professor of Anatomy at 
Pisa, 25 

Medulla cerelni, 2!)-j 
Mesaraic veins, ID 
Microscope, 70, 84, 80, D4, DO, D7 
Motor fibres, ‘2DD 

Mundinus, H., teaches at IJologua ; 

tlie Aiialomia of, 1 
Muscular contraction, OD-75 

Nerves, physiology of, on Borolli’s 
views, 82, 85 

Nervous system, Vcsalius on tlic, 
255-257; Malpighi on the liistology 
of, 2()t) 

Nitrogen, disc«)vtuy of, 250 

Oporinus, J,, printer of the Fahrica 
humaiii corporis of Visalius, 5 
Oxygen,^ prepared hy Prici^tley, 240; 
discovered by Lavoisier, 2M, 245 

PanciX'us, 50, 20!) ; removal of the, 
103, 104 

Pancreas, discovery of the duct of the, 
104 


Pancreatic juice, 154-^157 
Paracelsus, why so called, 123, 124; 
enters the University of Basel; be- 
comes the |)upil of Bishop Tritheniius 
at Wiirzburg; spends some time in 
the mines in tlio Tyrol, 121; learns 
tlie doctrines of Valentine from 
Bishop Trithemius, 125; settles at 
Basel; driven hence, 126; dies at 
Salzburg; use of laudanum said 
to be due to him, 127; his doc- 
trines taken up by van Helmont, 
128 

Parotid duct, Stenson’s discovery of 
the, 100, 108, 109 

Pecquet, Jean, Kxprrimrnta nova ana- 
tomica of, 50 

Peyer, Jean Conrad, tlie Fxercitatio 
uutitomica mcdica dc (jlandnUs inUs- 
fiuorum of, 102 

Phili)) ir., Vt'salius Court Physiciun 
to, 17 

Phlogiston, 107, 181), 224, 226, 233, 
23!), 241 

Plants, anatomy of, Malpighi's work 
on the, 92 

Priestley, Joseph, oxygen prepared by, 
240 ; on resi)a‘ation, 257-243 
Piilmomiiy artery, r. Arteiy-like vein 
Putrefaction, 210 

ileaumur, llenc Antoine Fercliauit do, 
birth, etc.; Jiis theiniometer ; his 
work on insects; on llio dig(;s- 
tioii of birds, 210 ; juitMised of 
‘anatomical ignorance’ by Hunter, 
220 

Kespiration, 175, 180, 181, 228-230, 
237-2 18 

. lihazes, tho nintli book of, translated 
by Vesalius, 8 

Kobinson, Nicolas, on tho spleen, 
2D6 

Iloyal Society of Ijoudon, founding of 
the, 174; Malpighi invited by the 
Society to a philosophic conference; 
the Society publishes his works, 
92 
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Biidbeck, Olauk, Nova excrcitatio 
anatomica of, 51 

Buffo, Vi.sconte, the friend and patron 
of Malpighi, 92 

Ruini, Carlo, on the anatomy of the 
horse, 53 

Buyscli, on the distribution of the renal 
blood vessels, 117 

Sagrino, 9b, 97 

Salts, study of, 148 

Saiictorius, S., birth ; studios at Padua; 
practises at Venice ; Profesaor of 
Tlieorotioal Medicine at Padua ; 
dies ill Venice, 145; publication of 
his Medical Statica, 145; account 
of the book, 1 10 

Sarpi, Petrus Paujus, studios anatomy 
linder Pabricius, 53, 54 ; the story of 
his arrival at coiudusions similar to 
those <)f Haivey; said hy Kut to 
have ijiadc use of Harvey’s hook 
as his own, 51 

Sbaraglia family disputes with the 
Malfiighi family, s? 

Sensory ami motor fibres, 209 

Septalius, Senator, 19 

Sorvetus, Michsol, birtb ; studies at 
Paris under Giinlher^aud Sylvius; 
physhiafj to Abp of Vienna; tla.-o- 
logieal works of; lie and his w<»rks 
burnt by order of Calvin, 22; credit 
of Harvey’s work claimed for, 53 

Silkworm, 93 

Soul, tlie, 1J2-M4, 108-171, 220, 259, 
200, 271, 272, 297 299 

Spallanzani, Lazar<», birtli and 
education ; studies under Laura 
IJas.si; ]*rofessor jit Reggio and 
Modena; ofTere<l Profess^irships at 
Pavia and Padua wdiich lui refuses; 
d(‘ath, 212; his works on reproduc- 
tion, etc., 213; contiilmtions to the 
physiology of digestion, 213-210; 
on fermentation, 2I.O; on gastric 
juice, 218, 219 ; criticism of, by 
Hunter, 220 ; on tlic respiration of 
auini%ils, 253 


•Spirits, 12, 13, 23, 47, 53, 55, 50, 00, 
130, 139, 141, 197, 200, 274-277, 
284, 285 

Spleen, removal of tlie, 103, 104 
Stahl, G. E., Court PJiysician at 
Weimni’; Professor of Medicine at 
Halle; Physician to King of Prussia, 
107 ; the ‘ sensitive soul ’ of, 108-171 ; 
his treatise J)e mixti ct vivi corporis 
■vera diversit(\tt\ 109; what his 
teaching briefly was, 172, 173; on 
the circulation of the blood, 224 -227 
Stapes, the, 31 

Stelluti, PrfiJici.sco, the first to u.se tlie 
niicrns(?ope at; Rome, 80 
Stensen, Nicolaus, im tlie position of 
Descartes as a physiologist, (J2; 
the l>e mnM‘\dis tthserratitouna sprei- 
mev, and Elftneutorum unfoloifitc 
specimen of, 70, 71; makes the 
fiiendslii]) of Maljdglii, 91 ; dis- 
covt'i’y of Hie i)aiol.iil diutt; the 
Ohsenuitiones AnatnmicfC of; at- 
tracts attention of Rossuet; dis- 
eours«> on the anatomy of the brain; 
made ('’ourt Physician to Perdinaiid 
II.; and Cosimo HI., 100; his 
,work called Jh.‘ stdidtf inlrn suli- 
iUim ; forsakes his old studies and 
devotes hiinselt: to religion, 107; 
rt^ceivos the titulary honour of 
Bishop of Titiopolis; teaches ana- 
tomy at Coi)enhagt*n, I08; descrilx^s 
his discovL-ry of the ]iarotid duct, 
198-110; on muscle, 281; 011 the 
value of science in ))raclical matters, 
285 

Steven.s. <4’ Edinburgh, experiments 
on digestion, 219, 220 
Stone ill the bladder, 233 
Swammerdam, Job., new ideas started 
hy, with tlic aid of the micipscope, 
80; the Hihlia Natnvd^ of, 99, 100 
Sylvius, ErancLsciis, studies at Sedan 
and Basel; Ih’ofessor of Medicine 
at Leyden; has a ‘ Laboiatorium ' 
built f(U- him there, 117 ; devotes 
hiiiwelf to the study of salts ; writes 
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on the circulation; a follower of 
Harvey; Harveian doctrines esta- 
blished in Holland through the 
advocacy of, 148; what Stensen 
says of Sylvius, 149 ; bis idea of 
fermentation, loO; of bile, 157, 
158 ; on the secretion of urine, 150 ; 
his view of the spleen, 100; Sylvius 
contrasted with Borclli, 160, 161 ; 
Specimen Beccherianum of, 168 ; on 
respiration, 186 

Sylvius, Jacobus, teaches anatomy at 
Paris; succeeds Vidus Vidius at 
the College of France; ‘fissure’ 
of; a strict Galen ist; inlluence of, 
5 ; his teacliing overturned by 
Vesalius, 6 

Tadinus, Alexander, 49 
Thoracic duct, 50, 51 
Tiepolo, Venetian ambassador, 18, 19 
Torricellian vacuum, 178 
Transfusion, experiments on, 181,182 
Trithemius, Bishop, th») teacher of 
Paracelsus, 124, 125 

Urine, Borelli on the secretion of, 82 ; 
F. Sylvius on the secretion of, 159 

Valentim?, Basil, the Currna triiun- 
phnlis antimonii of, 124 ; the three 
* elements ’ of, 125, 127 
Vtiiyii aquoaa and serosa, 51 
Vein-like artery, 13, 23, 28, 33, 38, 
43, 59, 96, 175 

Veins, valves of the, observed by 
Can nan us, 36 
Vena cava, 43, 44, 45, 47 
Vena porta, 48 

Vesalius, Andreas, Fabrica humani 
corporis of, published, 3 ; birth ; 
studies at ijoiivain ; at Paris 
under Sylvius, 6 ; a pupil of 
Guinterius; back at Iiouvain, 7 ; 
ti?anslatc8 the ninth book of llhazos 


and goes to Venice, 8 ; honours 
and teaching at Padua, 9, 10; 
publication of ‘ Structure of the 
human body ’ ; Anatomical tables ; 
editions of Guinterius and Galen ; 
treatise on blood letting, 10 ; leaves 
Padua ; reviled by Sylvius and 
others during his absence ; return 
to Padua, 15 ; discouraged by op- 
position, 16 ; burns all his mss. ; 
accepts the post of Court Physician 
to Charles V., 16; afterwards to 
Philip II., 17; marriage, 16; * Ex- 
amen * of the anatomical observa- 
tions of Falloppius, 18; decides 
on a i>ilgrirnage to Jerusalem ; 
death at Zante ; his influence on 
science, 19 ; the forerunner of 
Harvey, 20 ; his work a necessliry 
preparation for Harvey’s labours, 
55 ; vif 3 ws of, on the nervous system, 
255-257 ; on vivisection, 257, 258 ; 
on the brain, 258, 259 ; the chief 
soul, 259 

Vidius, Vidus, at the College of France, 
5 

Vieussens, on fermentation, 150-152 
Vis insita of Haller, 292, 293 
Vital principb'* 220 

Walpole, Horace, 231 
Wcdel, on the archaais, 167 
Wesalius, v. Vesalius 
Wharton, Thomas, on glands, 105 
Willis, Thomas, birth and educa- 
tion ; made Sedleian Professor at 
Oxford, 269 ; on the structure and 
functions of the brain, 270-279 ; 
criticized by Mayow and Stensen, 
279, 280 ; on muscular contraction, 
285, 286 

Wirsung, J. G., discovery of the duct of 
the pancreas by ; tragic death of, 104 
Witing, original name of the family 
of Vesalius, ?> 
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